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57 ABSTRACT 
A compound of formula (I) or a pharmaceutically ac 
ceptable salt thereof: 

(I) 

in which X represents R1OOC- in which R1 is C1-4 
alkyl, C2-4 alkenyl or C2-4 alkynyl; R2O- in which R2 is 
C1-2 alkyl, C1-2 alkylcarbonyl or aminocarbonyl option 
ally substituted by one or two methyl groups; 
a group 

N 

RC) f 
U-1 

in which Y represents a 3-membered divalent residue 
completing a 5-membered aromatic ring and com 
prises one or two heteroatoms selected from oxygen, 
nitrogen and sulphur, any amino nitrogen optionally 
substituted by a C1-2 alkyl group, Y being optionally 
C-substituted by a methyl group; or a group 

C 

y Y A. 
Ait A2 

in which A1 is oxygen or sulphur, one of A2 and A3 is 
CR3 and the other is nitrogen or CR4 where R3 and 
R4 are independently selected from hydrogen and 
methyl; and each of p and q independently represents 
an integer of 2 to 4. 

12 Claims, No Drawings 

  



4,971,975 
1. 

COMPOUNDS 

This invention relates to compounds having pharma 
ceutical activity, to a process for their preparation and 5 
their use as pharmaceuticals. 
EP 0257741 and EP 0261763 disclose certain azabicy 

clic compounds which enhance acetylcholine function 
via an action at muscarinic receptors within the central 
nervous system. O 
A novel group of compounds has now been discov 

ered which also enhance acetylcholine function via an 
action at muscarinic receptors within the central ner 
vous system and are therefore of potential use in the 
treatment and/or prophylaxis of dementia in mammals. 
According to the present invention, there is provided 

a compound of formula (I) or a pharmaceutically ac 
ceptable salt thereof: 

15 

20 
(CH2) (I) 

C N 
( ) 25 

in which X represents R1OOC- in which R1 is C1-4 
alkyl, C2-4 alkenyl or C2-4 alkynyl; R2O- in which R2 
is C1-2 alkyl, C1-2 alkylcarbonyl or aminocarbonyl op 
tionally substituted by one or two methyl groups; 

a group 

30 

35 
N y? 
e 

in which Y represents a 3-membered divalent residue 
completing a 5-membered aromatic ring and comprises 
one or two heteroatoms selected from oxygen, nitrogen 
and sulphur, any amino nitrogen optionally substituted 
by a C1-2 alkyl group, Y being optionally C-substituted 
by a methyl group; or a group 45 

{- 50 

in which Al is oxygen or sulphur, one of A2 and A3 is 
CR3 and the other is nitrogen or CR4 where R3 and R4 
are independently selected from hydrogen and methyl; 55 
and each of p and q independently represents an integer 
of 2 to 4. 

Certain compounds of formula (I) are capable of 
existing in a number of stereoisomeric forms including 
enantiomers. The invention extends to each of these 60 
stereoisomeric forms, and to mixtures thereof (including 
racemates). The different stereoisomeric forms may be 
separated one from the other by the usual methods, or 
any given isomer may be obtained by stereospecific or 
asymmetric synthesis. 65 
The compounds of formula (I) can form acid addition 

salts with acids, such as the conventional pharmaceuti 
cally acceptable acids, for example hydrochloric, hy 

2 
drobromic, phosphoric, acetic, fumaric, salicylic, citric, 
lactic, mandelic, tartaric, oxalic and methanesulphonic. 

Preferably, p and q each independently represents 2 
or 3. Most preferably p represents 2 and q represents 2 
or 3. 
Where X represents R1OOC- or R2O, examples of 

alkyl moieties in X include methyl, ethyl, n- or iso-pro 
pyl, and n-, iso, sec- or tert - butyl. Preferably alkyl 
moieties in X are methyl or ethyl, most preferably 
methyl for R1. Alkenyl or alkynyl moieties in Xprefera 
bly have 2 or 3 carbon atoms, for example propargyl. 

Preferably, where X is a 1,2,4-oxadiazolyl moiety, the 
ring carbon atom is methyl-substituted. 

Preferably, any alkyl moiety in Y is methyl. 
Suitable examples of X include methoxycarbonyl, 

ethoxycarbonyl, ethoxy, methylcarbonyloxy, amino 
carbonyloxy, 3-methyl-1,2,4-oxadiazol-5-yl, 5-methyl 
1,2,4-oxadiazol-3-yl, 1,3,4-oxadiazol-2-yl, 5-methyl 
1,3,4-oxadiazol-2-yl, 1,3-oxazol-2-yl, 4-methyl-1,3- 
oxazol-2-yl, 5-methyl-1,3-oxazol-2-yl, 1,3-oxazol-4-yl, 
2-methyl-1,3-oxazol-4-yl, 2-methyl-1,3-oxazol-5-yl, 1,2- 
oxazol-5-yl, 5-methyl-1,2-oxazol-3-yl, 1,3,4-thiadiazol 
2-yl, 2-furyl and 5-methylfur-2-yl. 
A subgroup of compounds within formula (I) is of 

formula (IA): 

CH2)p N (IA) 
( No 

Zl 
V a 

N ) C. 
wherein one of Yl and Z represents CR5, where R5 is 
hydrogen or methyl, or nitrogen, and the other repre 
sents CR6 where R6 is hydrogen or a methyl group, and 
the remaining variables are as defined in formula (I). 

In compounds of formula (I) within formula (IA), 
suitable values for X include 3-methyl-1,2,4-oxadiazol 
5-yl, 5-(H or methyl)-1,3,4-oxadiazol-2-yl and 4-(H or 
methyl)-5-(H or methyl) 1,3-oxazol-2-yl. 

Examples of X are as described under formula (I). 
Another subgroup of compounds within formula (I) 

is of formula (IB): 

(IB) R6 
(CH2) 

)= Y2 ) 
Z2 
NN N 

wherein Y2 is nitrogen or CH, Z2 is oxygen or NR7 
where R7 is hydrogen or C1-2 alkyl, and R5 is hydrogen 
or methyl, and the remaining variables are as defined in 
formula (I). 

In compounds of formula (I) within formula (IB), 
suitable values for X include 5-methyl-1,2,4-oxadiazol 
3-yl and 5-(H or methyl)-1,2-oxazol-3-yl. 
Examples of X are as described under formula (I). 
A further subgroup of compounds within formula (I) 

is of formula (IC): 
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3 

CH2) (IC) 
Y3-O 

A 5 

) 
CH2) 10 

wherein one of Y3 and Z3 is CR3 and the other is CR4, 
and R3, R4, p and q are as defined in formula (I). 

In compounds of formula (I) within formula (IC), 
suitable values for X include 2-furyl and 5-methylfur 
2-yl. 

Suitable and preferred values for the remaining vari 
ables in formulae (IA), (IB) and (IC) are as described for 
the corresponding variables in formula (I). 

15 

20 

The invention also provides a process for the prepara 
tion of a compound of formula (I), or a pharmaceuti 
cally acceptable salt thereof, which process comprises 25 
cyclising a compound of formula (II): 

(CH2) 

( ) 
N-R10 

(II) 
30 

35 

(CH2) 

in which (i) A represents X or a group convertible 
thereto and B represents -(CH2), L1 where L1 is a leav 
ing group or A and L1 together represent -COO-; 
one of r, s and t is 1 and the other two independently 
represent an integer of 2 to 4, and R10 represents hydro 
gen or an N-protecting group; to give a compound of 
formula (IIa): 

CH2) (IIa) 
50 

X 
H)-Nee-Rio 

Ze 
55 

(CH2) 

in which X" represents X or a group convertible thereto, 
Z- is an anion and the remaining variables are as previ-60 
ously defined; 

or (ii) A represents an electron withdrawing group, B 
represents hydrogen and R10 represents -(CH2) L2 

65 where L2 is a leaving group; one of s and t is 1 and the 
other and r independently represent an integer of 2 to 4; 
to give a compound of formula (IIb): 

4. 

(CH2) 

W ) 

) (CH2) 

(IIb) 

in which W represents an electron withdrawing group 
or X" and the remaining variables are as previously 
defined; 
and thereafter, optionally or as necessary, removing 

any R10 N-protecting group, converting W to X", con 
verting X" to X, converting X to other X and/or form 
ing a pharmaceutically acceptable salt. 
The deprotection, conversion and interconversion 

steps may be carried out in any appropriate order. 
Examples of the leaving groups L1 and L2 include 

halo such as bromo, tosyloxy and mesyloxy. 
Examples of R10 when an N-protecting group include 

benzyl and substituted benzyl. 
Examples of A and X' when groups convertible to X 

include hydroxy, benzyloxycarbonyl and cyano. 
The cyclisation reaction is a nucleophilic substitution 

which may be carried out under conventional condi 
tions appropriate to the groups A and B. Thus, when B 
is (CH2), Br and A is C1-4 alkoxycarbonyl, the cyclisa 
tion is carried out in an inert solvent such as toluene or 
4 ether at elevated temperature. When B is (CH2)(OTos 
or (CH2)(O-Mes, it is preferably obtained by treatment 
of a (CH2)OH group with a suitable reagent such as 
tosylchloride or mesyl chloride, in a base such as pyri 
dine, whereupon the cyclisation may proceed at ambi 
ent temperature, or at elevated temperature in an inert 
solvent such as toluene, and A is preferably hydroxy. 
When A and L1 together represent -COO-, the cycli 
sation may be carried out in a lower alkanol such as 
ethanol in the presence of acid such as hydrogen bro 
mide. In the resulting compound of formula (IIa), X" 
will be an alkoxycarbonyl group corresponding to the 
lower alkanol used for the cyclisation. 
Where R10 is an N-protecting group such as benzyl, 

this may be removed by conventional hydrogenation, 
preferably catalytically over a suitable catalyst such as 
Poi/C. 
Examples of A when an electron withdrawing group 

include C1-4 alkoxycarbonyl and cyano. 
When A is an electron withdrawing group such as 

C14 alkoxycarbonyl, B is hydrogen and R10 is 
-(CH2), L.2 where L2 is, for example, chloro, the cycli 
sation may be effected by treatment of the compound of 
formula (II) with lithium diisopropylamide. 
The conversion of W and X" may be carried out 

conventionally with regard to the group X. 
Where X" is hydroxy, the intermediate alcohol may 

be converted into the desired compound of formula (I): 
(i) where R2 is alkyl, by etherification under conven 

tional conditions, for example by reaction of the alcoho 
late anion (formed under basic conditions e.g. with 
sodium hydride) with a compound R2L where L is a 
leaving group as halo e.g. bromo or iodo, in an inert 
solvent such as dimethylformamide. It may be neces 
sary to protect the nitrogen atom with a suitable pro 
tecting group such as benzyl during the etherification, 
the group being subsequently removable by hydrogena 
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tion over a suitable catalyst such as Pd/C; (ii) where R2 
is alkylcarbonyl, by esterification under conventional 
conditions with the acid R2OH or suitable derivative 
thereof e.g. the acid anhydride, in a polar solvent such 

6 
group with lithium diisopropylamide at low tempera 
ture, for example -78 C., followed by reaction with 
acetylchloride or trimethylsilyl chloride. 
An X" bromomethylcarbonyl group may be obtained 

as dimethylformamide, or the acid or derivative itself 5 by treatment of an X" COCH group either with bro 
acting as the solvent, at elevated temperature such as 
the boiling point of the solvent; 

(iii) where R2 is optionally substituted aminocarbo 
nyl, by haloformylation with a suitable haloformate 
ester such as phenylhaloformate e.g. phenyl chlorofor 
mate, under basic conditions e.g. in the presence of 
pyridine, at depressed temperature, followed by nucleo 
philic substitution of the haloformate with the appropri 
ate substituted amino in an inert solvent or the amine 
itself acting as the solvent, at ambient temperature. 
Where X is a heterocyclic group as defined, it may be 

obtained from a W or X' group as described in, for 
example standard textbooks on heterocyclic chemistry 
such as "Comprehensive Heterocyclic Chemistry, A. R. 
Katritzky and C. W. Rees, Pergamon, 1984. 
The W or X group is first converted, as necessary, to 

a suitable starting group X' for the chosen conversion 
reaction to give the required group X. 
An X' carboxy group may be obtained by conven 

tional de-esterification of an X" or Walkoxycarbonyl 
group. Where R10 is an N-protecting group and X" or W 
is a benzyloxycarbonyl group, the de-esterification and 
deprotection steps may conveniently be effected simul 
taneously by conventional hydrogenation such as de 
scribed above. Alternatively, an X' carboxy group may 
be obtained by conventional acid hydrolysis of an X" or 
W cyano group. 
An X" chlorocarbonyl group may be obtained by 

treatment of an X" carboxy group with thionyl chloride 
at elevated temperature. 
An X" aminocarbonyl group may be obtained by 

treatment of an X" chlorocarbonyl group with ammo 
nia. Alternatively, an X" aminocarbonyl group may be 
obtained by partial alkaline hydrolysis of an X" or W 
cyano group, for example with an alkali metal hydrox 
ide such as potassium hydroxide, in a polar solvent such 
as ethanol at elevated temperature. In some cases, it is 
preferable to carry out the partial hydrolysis using hy 
drogen peroxide and aqueous sodium hydroxide at 
room temperature. However, if this alternative proce 
dure is adopted, the bridgehead nitrogen atom must be 
protected, preferably as a benzyl quaternary salt. 
An X' cyano group may be obtained by treatment of 

an X" aminocarbonyl group with a dehydrating agent 
such as phosphorus pentoxide in toluene. 
An X or W cyano group may be converted to 

CH3CO- by treatment with methyl lithium in ether at 
depressed temperature. A CH3CO-group may alter 
natively be obtained by treatment of a LiOOC group 
with methyl lithium, the LiOOC group being obtained 
by hydrolysis of an X" or Walkoxycarbonyl group with 
lithium hydroxide in water. 
An X" or W cyano or alkoxycarbonyl group may be 

converted to -CHO by controlled reduction using a 
suitable reducing agent such as diisobutylaluminium 
hydride in an inert solvent such as toluene at low tem 
perature. 
An X" -CO)=CH2 group where Q is halo such as 

chloro may be obtained by treatment of a CH3CO 
group with an halogenating agent such as phosphorous 
pentachloride in chloroform at ambient temperature. 
An X" -C(Q)-CH2 group where Q is OCOCH3 or 

OSi(CH3)3 may be obtained by treatment of a CH3CO 

O 

15 

20 

25 

30 

35 

45 

50 

55 
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mine in a suitable solvent such as methanol, the nitrogen 
of the azabicycle being protected as the hydrochloride 
salt, or with lithium diisopropylamide and trimethylsilyl 
chloride at low temperature followed by N-bromosuc 
cinimide in tetrahydrofuran at low temperature. Alter 
natively, an X" -COCl group may be converted to a 
-COCH2Br group by treatment with diazomethane in 
ether at low temperature followed by hydrogen bro 
mide in acetic acid at ambient temperature. 
An X' CH2Ns C group may be obtained from a 

formamidomethyl group by treatment with phosgene 
and triethylamine. The formamidomethyl group may in 
turn be obtained from the aminomethyl group by reac 
tion with an ester of formic acid such as ethyl formate. 
The aminomethyl group may be obtained by reduction 
of the aminocarbonyl group with lithium aluminium 
hydride. 
When X represents 3-methyl-1,2,4-oxadiazol-5-yl, an 

X' chlorocarbonyl group may be reacted with acetam 
ide oxime, at elevated temperature in an inert, polar 
solvent such as chloroform, and the resulting substitu 
tion product cyclised at elevated temperature in a suit 
able solvent such as toluene or xylene. Alternatively, 
reaction of an X' aminocarbonyl group with an acetal 
of N,N-dimethylacetamide such as the dimethyl or di 
ethyl acetal at elevated temperature yields an acyl ami 
dine group -CON=C(CH3)N(CH3)2 which may then 
be cyclised with hydroxylamine, in the presence of acid, 
such as acetic acid, which may also function as the 
solvent. The reaction may be carried out at ambient 
temperature, the N-hydroxy acyl amidine intermediate 
isolated and then cyclised at elevated temperature, or 
alternatively in a single step at elevated temperature. 
When X represents 3-(H or methyl)-1,2,4-thiadiazol 

5-yl, an X" aminocarbonyl group may be converted into 
an aminothiocarbonyl group using phosphorus penta 
sulphide or Lawesson's reagent (S. Scheibye, B. S. Ped 
erson and J. O. Lawesson, Bull. Soc. Chim. Belg., 1978, 
87 (3), 229). The aminothiocarbonyl may be converted 
into a thioacyl amidine group and cyclised as described 
above for the 1,2,4-oxadiazole group. 
When X represents 5-methyl-1,2,4-oxadiazol-3-yl, an 

X' cyano group may be reacted with hydroxylamine, in 
a polar solvent such as methanol, to yield the corre 
sponding amide oxime. The amide oxime may be cy 
clised using a suitable derivative of acetic acid such as 
the anhydride or a trialkylorthoacetate such as triethyl 
orthoacetate, the acid derivative acting as the solvent, 
at elevated temperature. 
When X represents 5-(H or methyl)-1,3,4-oxadiazol 

2-yl, an X" carboxy or carboxy ester group may be 
converted to the acid hydrazide by conventional proce 
dures. For example, the acid may be converted to a 
C1-6 alkyl ester e.g. methyl, with the appropriate C1-6 
alkanol e.g. methanol under conventional esterification 
conditions, and the resulting ester reacted with hydra 
zine at elevated temperature to give the acid hydrazide. 
The acid hydrazide may then be cyclised by condensa 
tion with a suitable derivative of the appropriate C1-2 
alkanoic acid RCO2H, e.g. a trialkyl ortho-ester, such as 
the triethyl ortho-ester, the acid derivative acting as the 
solvent, at elevated temperature. 
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When X represents 5-(H or methyl)-1,3,4-thiadiazol 
2-yl an X" acid hydrazide may be reacted with a suit 
able acylating agent such as methyl formate or an acetyl 
halide to give a diacyl hydrazide group, -CONHNH 
COR which can be cyclised using phosphorus pentasul 
phide. The cyclisation is preferably carried out in the 
absence of solvent with the nitrogen of the azabicycle 
protected as the hydrochloride salt. 
When X represents 1,3-oxazol-2-yl, the conversion 

may be effected by reaction of an X" aminocarbonyl 
group with vinylene carbonate at elevated temperature 
in the presence of a strong acid such as polyphosphoric 
acid, which may also function as the solvent. 
When X represents 5-(H or methyl)-1,3-oxazol-2-yl, 

an X' carboxy group may first be converted to the 
carboxylic acid chloride and be reacted with a com 
pound of formula NH2CH2CR(OR)2, or the X" car 
boxy group may be reacted directly with the compound 
of formula NH2CH2CR(OR)2 in the presence of a con 
densing agent such as dicyclohexylcarbodiimide or a 
chloroformate ester such as ethyl chloroformate, to 
give a group CONHCH2C(OR)2R; which may be cy 
clised using a suitable dehydrating agent such as poly 
phosphoric acid, phosphorus oxychloride, phosphorus 
pentachloride, sulphuric acid or sulphuryl chloride, 
preferably polyphosphoric acid. 
An X.5-(H or methyl)-1,3-thiazol-2-yl group may be 

obtained by cyclisation of an X" -CONHCH2 
C(OR")2R group using phosphorus pentasulphide. The 
reaction is preferably carried out in the absence of sol 
vent with the nitrogen of the azabicycle protected as 
the hydrochloride salt. 

1,3-Oxazol-2-yl groups 4-methyl-substituted may be 
provided by the cyclisation of an X" aminocarbonyl 
group with propargyl alcohol or acetate ester thereof, 
in the presence of a dehydrating agent such as poly 
phosphoric acid, using a catalyst such as HgSO4, at ele 
vated temperature. 

Alternative routes to optionally 4-methyl-substituted 
1,3-oxazol-2-yl groups include: 

(i) the condensation of an X" aminocarbonyl group 
with the appropriate compound BrCH2COR at ele 
vated temperature; or 

(ii) the reaction of an X' carboxy group under basic 
conditions with the appropriate compound BrCH2COR 
to give a group -COOCH2COR which may be cy 
clised with ammonium chloride. 
Where R is hydrogen the aldehyde is preferably pro 

tected as an acetal. 
During the reaction (i) above, the nitrogen atom of 

the bicyclic moiety may require protection. 
When X is 4-(H or methyl)-1,3-thiazol-2-yl an X" 

aminothiocarbonyl group may be reacted with the ap 
propriate a-halo acyl compound such as 
BrCH2COCH3 as indicated for the corresponding 1,3- 
oxazole. 1,3-Oxazol-4-yl groups optionally 2-substituted 
may be provided by reacting a bromomethylcarbonyl 
group with an appropriate C1-2 alkanoic acid amide. 
Preferably, the reaction with acetamide is carried out at 
elevated temperature and the reaction with formamide 
is carried out in sulphuric acid. 
An unsubstituted 1,3-oxazol-4-yl group may alterna 

tively be obtained by treatment of an X" -CH2N=C 
group with a formate ester such as methyl formate after 
deprotonation with a strong base such as n-butyl lithium 
or potassium t-butoxide. 
When X represents 3-(H or methyl)-1,2-oxazol-5-yl, 

the reaction of an X' CH3CO group may be carried out 

10 
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8 
at depressed temperature with ethyl formate or acetate 
in a suitable solvent such as toluene, under basic condi 
tions such as sodium hydride and catalytic ethanol, 
followed by reflux, to yield the sodium salt of the dicar 
bonyl compound (IVa): 

CH2) (IVa) 

(CH2) 

Subsequent cyclisation of the compound of formula 
(IVa) at ambient temperature with an aminating agent 
such as hydroxylamine-O-sulphonic acid in a dry sol 
vent such as methanol, ethanol or diglyme, preferably in 
the presence of an acid such as sulphuric acid, p-toluene 
sulphonic acid or potassium hydrogen sulphate to mini 
mise amination of the azabicycle, yields a compound of 
formula (I). 

Alternatively, the compound of formula (IVa) may 
be treated prior to the cyclisation step with dimethyl 
amine in ethanol in the presence of glacial acetic acid at 
ambient temperature to give the vinylogous amide 
(IVb): 

(CH2) (IVb) 

N 

CH2) 

which may be cyclised as described above for the com 
pound of formula (IVa). 
When X represents a 3-substituted 1,2-oxazol-5-yl 

group, an X" -C(Q)=CH2 group where Q is halo such 
as chloro, OCOCH3 or OSi(CH3)3, may be treated with 
the nitrile oxide CH3C=N+-O. The highly reactive 
nitrile oxide may conveniently be generated in situ from 
a halo oxime such as CH3C(Br)-NOH in a solvent 
such as N,N-dimethylformamide under basic condi 
tions, either exploiting the basicity of the azabicyclic 
moiety or optionally with added base such as triethyl 
amine. The halo oxime is prepared by treatment of 
CH3CH=NOH with a suitable halogenating agent such 
as N-bromosuccinimide in N,N-dimethylformamide at 
ambient temperature. Alternatively the nitrile oxide 
may be generated from the appropriate nitroalkane 
using a suitable dehydrating agent such as 
phenylisocyanate or phosphorous oxychloride in the 
presence of a base such as triethylamine in a suitable 
solvent such as chloroform, initially at depressed tem 
perature followed by reflux. 
When X represents an optionally 5-substituted 1,2- 

oxazol-3-yl group, an X" -C=N-O nitrile oxide 
group may be reacted with an olefin of the structure 
R-C(Q)=CH2, where Q is halo such as chloro, 
OCOCH3 or OSi(CH3)3. The highly reactive nitrile 
oxide may conveniently be generated in situ from an 
appropriate X" halo oxime -COBr)=NOH by treat 
ment with a base such as triethylamine in a solvent such 
as N,N-dimethylformamide. The halo oxime is prepared 
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by treatment of an X" -CH=NOH oxime group with 
N-bromosuccinimide in N,N-dimethylformamide at 
ambient temperature, the azabicyclic being in the form 
of the hydrochloride salt. The X" -CH-NOH oxime 
group may be prepared from an X" -CHO group by 
reaction with hydroxylamine hydrochloride in a sol 
vent such as methanol. 
When X represents 1,3-oxazol-5-yl, the reaction of an 

X' -CHO group may be carried out by treatment with 
tosylmethylisocyanide in a hydroxylic solvent such as 
methanol, in the presence of a base such as potassium 
carbonate at elevated temperature. 
When X represents a 2-(H or methyl)-1,3-oxazol-5-yl 

group, an X" -COCH2Br group may be converted to 
-COCH2NH2 by treatment with NaN3 in acetone or 
N,N-dimethylformamide followed by hydrogenation 
over a Pd/C catalyst in ethanolic HCl, or by treatment 
with hexamethylene tetramine followed by hydrolysis 
in methanolic HCl. The -COCH2NH2 group may then 
be acylated with the appropriate derivative of formic 
acid such as acetic-formic anhydride or acetic acid such 
as the anhydride or chloride to yield the acyl amino 
ketone (IVc): 

(CH2) (IVc) 
O 

R NH I 
N N 

O J 
(CH2); 

which can be cyclised using a suitable dehydrating 
agent such as polyphosphoric acid, sulphuric acid or 
phosphorous pentachloride at elevated temperature. 
When X represents 2-furyl, an X" CHO group may 

be treated with a reactive derivative of propanal such as 
the 3-tosyl derivative and in which the carbonyl group 
is preferably protected as a cyclic acetal (V): 

-O--D 
prepared by reaction of sodium 4-methylphenylsulphi 
nate with 2-(2-bromoethyl)-1,3-dioxolane in dimethyl 
formamide at ambient temperature. The reaction of the 
compound of formula (V) with the X" -CHO group in 
an inert solvent such as tetrahydrofuran in the presence 
of a base such as n-butyl lithium, initially at low temper 
ature, rising to ambient, yields a compound of formula 
(IVd): 

(V) 

CH2) (IVd) 

CH3 

O 
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10 
which may be cyclised at elevated temperature in the 
presence of an acid such as glacial acetic acid, which 
may also function as the solvent. 

Alkyl-substituted furyl groups may be obtained anal 
ogously using the appropriately substituted analogue of 
the compound of formula (V) prepared from the corre 
sponding ketone or aldehyde. 
An X 1,3-thiazol-5-yl group may be obtained by de 

hydrating and cyclising a compound of formula (IVc) 
using phosphorous pentasulphide at elevated tempera 
ture. 

Optionally 3-substituted 1,2-thiazol-5-yl groups may 
be prepared from the corresponding 1,2-oxazolyl group 
by ring opening effected by treatment with a reducing 
agent such as Raney nickel and hydrogen in a suitable 
solvent such as methanol or ethanol to yield a vinylo 
gous amide of formula (IVe): 

(CH2) (IVe) 

NH2 O Y 

1S ) 
CH2) 

which may be cyclised using phosphorous pentasul 
phide in the presence of a suitable oxidising agent such 
as sulphur or chloranil in a solvent such as toluene at 
elevated temperature. 
Compounds of formula (I) in which Y contains a 

sulphur atom in place of oxygen may be prepared analo 
gously. A sulphur-containing group X' is obtained by 
treatment of a carbonyl-containing group X' with ei 
ther phosphorus pentasulphide or with Lawesson's rea 
gent (S. Scheibye, B. S. Pederson and S. O. Lawesson, 
Bull. Soc. Chim. Belg., 1978, 87(3), 229). The resulting 
sulphur-containing group X' may then be converted to 
the required sulphur-containing group X analogously to 
the conversion of carbonyl-containing groups. Where 
the thiolating agent is phosphorus pentasulphide, this 
may also effect cyclisation. 

In the above description, R represents H or methyl 
and R' represents C1-6 alkyl such as methyl or ethyl or 
two R' groups together represent C2-6 polymethylene 
such as ethylene. 

In formulae (IVa) to (IVe), the variables are as de 
fined in formula (I). 

Interconversion of X may be carried out convention 
ally. Thus, C1-4 alkoxycarbonyl groups may be inter 
converted by acid hydrolysis to the intermediate car 
boxylic acid. The acid may be esterified by reaction 
with the appropriate alcohol ROH under acidic condi 
tions at elevated temperature, to give the required 
group X. C1-4 alkoxycarbonyl groups may also be con 
verted to certain heterocyclic groups X as described 
above, either directly or via the intermediate carboxylic 
acid. 
Compounds of formula (II) may be prepared conven 

tionally. 
Where A is C1-4 alkoxycarbonyl, B is (CH2), L1 and 

R10 is hydrogen or an N-protecting group, the com 
pound of formula (II) may be prepared by treating a 
compound of formula (III). 
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(CH2) 

) 
N - Rio 

(III) 

(CH2) 

where R9 is C1-4 alkyl and the remaining variables are 
as previously defined, with lithium diisopropylamide, 
prepared in situ from diisopropylamine and n-butylli 
thium followed by reaction with a compound 
L3(CH2)-L1 where L3 is a leaving group, in an inert 
solvent such as ether at depressed to elevated tempera 
ture. Both Li and L3 are suitably bromo. 
Where A and Li together represent -COO- and ris 

2, the compound of formula (II) may be prepared by 
reacting the compound of formula (III), treated with 
lithium diisopropylamide as before, with ethylene oxide 
in an inert solvent such as ether at depressed to elevated 
temperature. 
Where A and Li are each hydroxy and r is 3, the 

compound of formula (II) may be obtained by reduction 
of the corresponding compound of formula (II) where 
A and Ll together represent -COO- and r is 2 with 
LiAlH4. 
Where A and L1 are each hydroxy and r is 1 or 2, the 

compound of formula (II) may be obtained by the reac 
tion of a compound of formula (IV): 

(IV) 

(CH2), 

with 
(a) cyanide ion, for example with potassium cyanide, 

followed by acid hydrolysis and reduction of the result 
ing carboxy group with, for example, LiAlH4 to give 
the compound of formula (II) where r is 1; or 

(b) the carbanion -CH2CO2C2H5 generated by treat 
ing ethyl acetate with lithium diisopropylamide, fol 
lowed by reduction of the resulting ethyl ester group 
with LiAlH4 in an inert solvent such as ether, to give 
the compound of formula (II) where r is 2. 
Where A is an electron withdrawing group such as 

C1-4 alkoxycarbonyl, B is hydrogen and R10 is 
(CH2).L2, the compound of formula (II) may be pre 
pared by reacting the compound of formula (III) where 
Rio is hydrogen with a compound L3(CH2)-L2 where 
L3 is as previously defined, in a solvent such as acetone 
in the presence of a base such as potassium carbonate. 
The leaving group L3 is preferably bromo and L2 is 
preferably chloro. 
Compounds of formulae (III) and (IV) are known 

compounds or may be prepared by analogous methods 
to those for preparing known compounds. The com 
pound of formula (III) where s is 2 and t is 1 may be 
prepared by the cyclisation of di-C1-4 alkyl itaconate in 
the appropriate alkanol with benzylamine at elevated 
temperature, followed by reduction of the resulting oxo 
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12 
group at the 2-position of the pyrrolidine ring with BH3 
in tetrahydrofuran, at ambient to elevated temperature. 
Novel compounds of the formulae (II), (IIa) and (IIb) 

also form part of this invention. 
Pharmaceutically acceptable salts of the compounds 

of formula (I) may be formed conventionally by reac 
tion with the appropriate acid such as described above 
under formula (I). 
The compounds of the present invention enhance 

acetylcholine function via an action at muscarinic re 
ceptors within the central nervous system and are there 
fore of potential use in the treatment and/or prophy 
laxis of dementia. 
The present invention also provides a pharmaceutical 

composition, which comprises a compound of formula 
(I) or pharmaceutically acceptable salt thereof, and a 
pharmaceutically acceptable carrier. 
The compositions may be in the form of tablets, cap 

sules, powders, granules, lozenges, suppositories, recon 
stitutable powders, or liquid preparations such as oral or 
sterile parenteral solutions or suspensions. 

In order to obtain consistency of administration it is 
preferred that a composition of the invention is in the 
form of a unit dose. 

Unit dose presentation forms for oral administration 
may be tablets and capsules and may contain conven 
tional excipients such as binding agents, for example 
syrup, acacia, gelatin, Sorbitol, tragacanth, or polyvi 
nylpyrrolidone; fillers, for example lactose, sugar, 
maize-starch, calcium phosphate, sorbitol or glycine; 
tabletting lubricants, for example magnesium stearate; 
disintegrants, for example starch, polyvinylpyrrolidone, 
sodium starch glycolate or microcrystalline cellulose; 
or pharmaceutically acceptable wetting agents such as 
sodium lauryl sulphate. 
The solid oral compositions may be prepared by con 

ventional methods of blending, filling, tabletting or the 
like. Repeated blending operations may be used to dis 
tribute the active agent throughout those compositions 
employing large quantities of fillers. Such operations 
are of course conventional in the art. The tablets may be 
coated according to methods well known in normal 
pharmaceutical practice, in particular with an enteric 
coating. 

Oral liquid preparations may be in the form of, for 
example, emulsions, syrups, or elixirs, or may be pres 
ented as a dry product for reconstitution with water or 
other suitable vehicle before use. Such liquid prepara 
tions may contain conventional additives such as sus 
pending agents, for example sorbitol, syrup, methyl 
cellulose, gelatin, hydroxyethylcellulose, carboxy 
methylcellulose, aluminium stearate gel, hydrogenated 
edible fats; emulsifying agents, for example lecithin, 
sorbitan monooleate, or acacia; non-aqueous vehicles 
(which may include edible oils), for example almond oil, 
fractionated coconut oil, oily esters such as esters of 
glycerine, propylene glycol, or ethyl alcohol; preserva 
tives, for example methyl or propyl p-hydroxybenzoate 
or sorbic acid; and if desired conventional flavouring or 
colouring agents. 

For parenteral administration, fluid unit dosage forms 
are prepared utilizing the compound and a sterile vehi 
cle, and, depending on the concentration used, can be 
either suspended or dissolved in the vehicle. In prepar 
ing solutions the compound can be dissolved in water 
for injection and filter sterilized before filling into a 
suitable vial or ampoule and sealing. Advantageously, 
adjuvants such as a local anaesthetic, a preservative and 
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buffering agents can be dissolved in the vehicle. To 
enhance the stability, the composition can be frozen 
after filling into the vial and the water removed under 
vacuum. Parenteral suspensions are prepared in substan 
tially the same manner, except that the compound is 
suspended in the vehicle instead of being dissolved, and 
sterilization cannot be accomplished by filtration. The 
compound can be sterilized by exposure to ethylene 
oxide before suspending in the sterile vehicle. Advanta 
geously, a surfactant or wetting agent is included in the 
composition to facilitate uniform distribution of the 
compound. The compositions may contain from 0.1% 
to 99% by weight, preferably from 10-60% by weight, 
of the active material, depending on the method of 
administration. 
The invention also provides a method of treatment 

and/or prophylaxis of dementia in mammals including 
humans, which comprises administering to the sufferer 
an effective amount of a compound of formula (I) or a 
pharmaceutically acceptable salt thereof. 
The dose of the compound used in the treatment of 

such disorders will vary in the usual way with the seri 
ousness of the disorders, the weight of the sufferer, and 
the relative efficacy of the compound. However, as a 
general guide suitable unit doses may be 0.05 to 100 mg. 
for example 0.2 to 50mg; and such unit doses may be 
administered more than once a day, for example two or 
three times a day, so that the total daily dosage is in the 
range of about 0.01 to 5 mg/kg; and such therapy may 
extend for a number of weeks or months. 

Within the above indicated dosage ranges no toxico 
logical effects are indicated for the compounds of the 
invention. 

In a further aspect the invention provides a com 
pound of formula (I) or a pharmaceutically acceptable 
salt thereof for use as an active therapeutic substance. 
The invention further provides a compound of for 

mula (I) or a pharmaceutically acceptable salt thereof, 
for use in the treatment and/or prophylaxis of dementia. 

In another aspect the invention provides the use of a 
compound of formula (I) or a pharmaceutically accept 
able salt thereof for the preparation of a medicament for 
the treatment and/or prophylaxis of dementia. 
The following examples illustrate the invention and 

the following descriptions illustrate the preparation of 
intermediates thereto. 

DESCRIPTION 1 

Ethyl l-benzyl-3-piperidylcarboxylate (D1) 

r COOEt 
N 

N 
Ph 

(D1) 

A solution of benzyl bromide (30.9 ml, 0.26 mole) in 
dry acetone (20 ml) was added dropwise over 20 minto 
a stirred mixture of ethyl 3-piperidylcarboxylate (39.0 
ml, 0.25 mole) and anhydrous potassium carbonate (34.5 
g, 0.25 mole) in dry acetone (300 ml). The mixture was 
stirred for a further 1 h at room temperature followed 
by 20 min at 45 C. The mixture was then filtered and 
the filtrate diluted with water, (250 ml) and extracted 
with ethyl acetate (3x200 ml). The combined extracts 
were dried (Na2SO4) and concentrated in vacuo to give 
an orange oil, which was extracted with n-pentane 
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(2X200 ml). Concentration of the combined extracts 
gave the title compound (D1) as a yellow oil (50.2 g, 
81%). 

DESCRIPTION 2 

Ethyl 
1-benzyl-1-azoniabicyclo3.3.1 non-5-ylcarboxylate 

bromide (D2) 

(D2) 

COOEt 

A solution of diisopropylamine (7.3 ml, 0.057 mole) in 
dry ether (130 ml) at -50 C. under nitrogen was 
treated with 1.55M n-butyllithium in hexane (29.0 ml, 
0.045 mole). The solution was stirred for 15 min, then 
cooled to -65 C., treated with N,N,N',N'-tetrame 
thylethylenediamine (14.6 m) and stirred for a further 
15 mins. A solution of ethyl 1-benzyl-3-piperidylcar 
boxylate (D1, 10.0 g, 0.040 mole) in dry ether (30 ml) 
was added dropwise over 10 min and the resulting solu 
tion stirred at - 60° C. for 15 mins before the addition of 
1,3-dibromopropane (4.4 ml, 0.045 mole). The reaction 
mixture was allowed to reach room temperature over 
lh, followed by 40 min at reflux, before treating with 
saturated potassium carbonate solution (50 ml). The 
mixture was extracted with ether (3 x 70 ml) and the 
combined extracts dried (Na2SO4) and concentrated in 
vacuo to give an orange oil, which was dissolved in dry 
toluene (200 ml) and heated under reflux for lh. The 
mixture was cooled and the precipitate which had 
formed was filtered off and dried, to give the title com 
pound (D2) as a white solid (6.93 g, 47%) m.p. 
183-186 C. 

DESCRIPTION 3 

7-Benzyl-7-aza-2-oxaspiro4,51decan-1-one (D3) 

(D3) 

ls 
Ph 

A solution of diisopropylamine (16 ml, 0.114 mole) in 
dry ether (200 ml) at -65 C. under nitrogen was 
treated with 1.6M n-butyllithium in hexane (64 ml, 0.102 
mole) and the solution stirred for 15 mins, before treat 
ing with N,N,N',N'-tetramethylethylenediamine (30 
ml). After stirring for a further 10 mins, the solution was 
treated dropwise over 10 mins with a solution of ethyl 
1-benzyl-3-piperidylcarboxylate (D1, 20.5 g, 0.083 
mole) in dry ether (50 ml) and stirring continued at 
-65 C. for 15 mins. Ethylene oxide (7.6 g., 0.17 mole) 
was then bubbled into the solution over 20 mins and the 
mixture was allowed to warm up to room temperature 
over 2 h followed by 40 min at reflux. The reaction 
mixture was treated with saturated sodium hydrogen 
carbonate solution (60 ml) and extracted with ether 
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(3x 120 ml). The combined extracts were dried (Na2 
SO4) and concentrated in vacuo to leave an orange oil. 
The unreacted starting material was removed by heat 
ing under reflux in 8M hydrochloric acid (100 ml) for 2 
hours, followed by basifying to saturation with sodium 
hydrogen carbonate and extraction with ether. The 
organic extract was dried (Na2SO4) and concentrated in 
vacuo to leave an orange oil, which was distilled in the 
Kugelrohr apparatus (b.p. approx. 200 C.0.4mm) to give 
the title compound (D3) as a yellow oil (12.1 g, 62%). 

DESCRIPTION 4 

Ethyl 
1-benzyl-1-azoniabicyclo3.2.1]oct-5-ylcarboxylate 

bromide (D4) 

(D4) 

N- N1NPh 
69 

COOEt Bre 

7-Benzyl-7-aza-2-oxaspiro[4,5decan-1-one (D3, 11 g, 
0.047 mole) was treated with a saturated solution of 
hydrogen bromide in ethanol (250 ml) and the mixture 
stirred at room temperature for 17 days. The mixture 
was concentrated in vacuo and the residue basified with 
saturated potassium carbonate solution, stirred for 10 
mins and then extracted with chloroform (3X 120 ml). 
The combined extracts were dried (Na2SO4) and con 
centrated in vacuo to give a brown oil, which consisted 
of a 1:1 mixture of the title compound (D4) with starting 
material (D3). This crude product was used in the next 
stage without purification. 

DESCRIPTION 5 

Ethyl (1-benzyl-3-hydroxy-3-piperidyl)acetate (D5) 

OH (D5) 

Ph 

A solution of diisopropylamine (1.2 ml, 8.5 mmole) in 
dry ether (15 ml) at -50 C. under nitrogen was treated 
with 1.55M n-butyllithium in hexane (5.0 ml, 7.8 
mmole). The solution was stirred for 15 min then cooled 
to -65 C. and treated with a solution of ethyl acetate 
(0.78 ml, 8.0 mmole) in dry ether (3 ml). This solution 
was stirred for a further 15 min and then treated drop 
wise over 10 mins with a solution of 1-benzyl-3-piperi 
done (1.48g, 7.8 mmole) in dry ether (10 ml). The reac 
tion mixture was stirred at - 60° C. for 20 mins, then 
treated with 5M hydrochloric acid (5 ml) and allowed 
to reach room temperature, before basifying and satu 
rating with potassium carbonate. The mixture was ex 
tracted with chloroform (3X60 ml), and the combined 
extracts dried (Na2SO4) and concentrated to leave a 
yellow oil. This was purified by passage through a silica 
gel column eluting with chloroform to give the title 
compound (D5) as a colourless oil (1.70 g, 79%). 
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DESCRIPTION 6 

2-(1-Benzyl-3-hydroxy-3-piperidyl)ethanol (D6) 

OH 

N 

N 
Ph 

(D6) 

A solution of ethyl (1-benzyl-3-hydroxy-3-piperidyl 
)acetate (D5, 14.40 g, 0.052 mole) in dry ether (50 ml) 
was added dropwise over 15 minto a stirred suspension 
of lithium aluminium hydride (2.80 g, 0.075 mole) in dry 
ether (150 ml) at 0° C. under nitrogen. The reaction 
mixture was allowed to reach room temperature over 1 
h and then heated under reflux for 40 mins. The mixture 
was then cooled in an ice bath and treated dropwise 
with water (2.8 ml), followed by 10% sodium hydrox 
ide solution (8.4 ml), followed by water (2.8 ml). The 
inorganic solid was remoyed by filtration through a pad 
of Kieselguhr, washing well with ethyl acetate, and the 
filtrate was dried (Na2SO4) and concentrated to give 
the title compound (D6) as an orange oil (11.4g, 93%). 
This was used without purification. 

DESCRIPTION 7 

1-Benzyl-5-hydroxy-1-azoniabicyclo3.2.1]octane 
chloride (D7a) and p-toluenesulphonate (D7b) 

OH 

Me SO39 

A solution of 2-(1-benzyl-3-hydroxy-3-piperidyl)e- 
thanol (D6, 10.84g, 0.046 mole) in pyridine (150 ml) at 
0° C. was treated portionwise over 10 mins with p 
toluenesulphonyl chloride (9.53 g, 0.050 mole) to give 
an orange solution, which was stored at about 8 C. for 
16 h. The solid which crystallised out was then filtered 
off, washed well with ether and dried under yacuum to 
give the title compound (D7a) as a beige solid (7.36 g) 
m.p. 224-227 C. The filtrate was then concentrated in 
vacuo and the residue partitioned between chloroform 
and saturated potassium carbonate solution. The or 
ganic layer was separated, dried (Na2SO4) and concen 
trated to leaye a brown solid. This was recrystallised 
from acetone to give the p-toluenesulphonate (D7b) as a 
yellow solid (3.18 g). Total yield of 81%. 
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DESCRIPTION 8 

1-Benzyl-5-ethoxy-1-azoniabicyclo[3.2.1]octane 
chloride (D8) 

(D8) 

OEt 

A solution of l-benzyl-5-hydroxy-1-azoniabicyclo 
3.2.1]octane chloride (D7a, 3.05 g, 0.012 mole) in dry 
DMF (100 ml) under nitrogen was treated with sodium 
hydride (600mg of 80% oil dispersion, 0.020 mole) and 
stirred at room temperature for 40 min. The mixture 
was then treated with bromoethane (4.7 ml, 0.063 mole) 
and stirred at room temperature for 16 h. The excess 
sodium hydride was destroyed by addition of ethanol (5 
ml) and the mixture acidified with glacial acetic acid (5 
ml) and then concentrated in vacuo to give an orange 
semi-solid containing the title compound (D8). This was 
used in the next step without any purification. 

DESCRIPTION 9 

1-Azabicyclo3.2.1]octan-5-ol (D9) 

(D9) 

OH 

A solution of 1-benzyl-5-hydroxy-1-azoniabicyclo 
3.2.1]octane chloride (D7a, 4.0 g, 0.017 mole) and p 
toluenesulphonate (D7b, 3.10 g, 0.0080 mole) in ethanol 
(400 ml) was hydrogenated over 10% Pd/C (550 mg) at 
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atmospheric pressure and 40 C. until the uptake of 0 
hydrogen ceased. The catalyst was filtered off through 
a pad of kieselguhr and the filtrate concentrated to leaye 
a yellow solid. This was treated with saturated potas 
sium carbonate solution (80 ml) and extracted with 
chloroform (3X 100 ml). The organic extract was dried 
(Na2SO4) and concentrated to give the title compound 
(D9) as a white semi-solid (3.40 g), which was used in 
the next stage without further purification. 

DESCRIPTION 10 

Methyl -benzyl-2-oxo-4-pyrrolidylcarboxylate (D10) 

COOMe (D10) 

Sr. 
A solution of dimethyl itaconate (50 g, 0.32 mole) in 

methanol (40 ml) was treated with benzylamine (34.6 
ml, 0.32 mole) and the mixture heated under reflux for 
2.5 h. The solution was then concentrated in vacuo and 
the residue purified by distillation (b. p. 162-170° C.02 
mm) to give a pale yellow oil. This solidified on standing 
to give the title compound (D10) as a beige solid (66.2g, 
89%), m.p. 62-63 C. 
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DESCRIPTION 11 

Methyl 1-benzyl-3-pyrrolidylcarboxylate (DID 

COOMe 

( . 
N 

l 
Ph 

(D11) 

A solution of methyl 1-benzyl-2-oxo-4-pyrrolidylcar 
boxylate (D10, 35.4 g, 0.18 mole) in dry THF (135 ml) 
was added dropwise over 30 mins to IM borane-THF 
solution (228 ml, 0.23 mole) at OC. under nitrogen, and 
when addition was complete the solution was heated 
under reflux for 1 h. The solution was cooled to room 
temperature, then treated dropwise with 8% hydrogen 
chloride/methanol (114 ml, 0.25 mole HCl) and stirred 
for. 18 h, followed by 3 hat reflux. The mixture was then 
concentrated in vacuo and the residue treated with 
water (40 ml), washed with ether (2x50 ml), basified 
with 40% sodium hydroxide solution, saturated with 
potassium carbonate and extracted with ether (3 x 70 
ml). The combined extracts were dried (Na2SO4) and 
concentrated in vacuo to leaye a yellow oil, which was 
purified by distillation (b. p. 146 C.0.7 m) to give the 
title compound (D11) as a colourless oil (19.8g, 50%). 

DESCRIPTION 12 

7-Benzyl-7-aza-2-oxaspiro4.4nonan-1-one (D12) 

(D12) 

N 
Ph 

Methyl 1-benzyl-4-pyrrolidylcarboxylate (D11, 7.50 
g, 0.034 mole) was treated as in the method of DE 
SCRIPTION 3 to give the crude product (D12) as an 
orange oil. This was distilled in a Kugelrohr apparatus 
(b. p. 190-210 C.o.2-0.5 mm) followed by column chro 
matography on silica gel eluting with ether, to give the 
title compound (D12) as a pale yellow oil (2.50 g, 36%). 

DESCRIPTION 13 

Ethyl 
1-benzyl-1-azoniabicyclo2.2.1]hept-4-ylcarboxylate 

bromide (D13) 

(D13) 

Ph 

Bre 

COOEt 

7-Benzyl-7-aza-2-oxaspiro[4,4nonan-1-one (D12, 2.5 
g, 0.012 mole) was treated with a saturated solution of 
hydrogen bromide in ethanol (150 ml) and the resulting 
solution allowed to stand at room temperature for 3.5 
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days. The solution was concentrated in vacuo and the 
residue basified with saturated potassium carbonate 
solution, stirred for 10 mins and then extracted with 
chloroform (3X50 ml). The combined extracts were 
dried (Na2SO4) and concentrated in vacuo to give the 
title compound (D13) as a beige solid (3.40 g, 87%). 

DESCRIPTION 14 
1-Azabicyclo3.3.1 non-5-ylcarboxylic acid 

hydrochloride salt (D14) 

(D14) 

COOH 

A solution of ethyl 1-benzyl-1-azoniabicyclo3.3.1- 
non-5-ylcarboxylate bromide (D2, 7.90 g, 0.021 mole) in 
ethanol (150 ml) was hydrogenated over 10% Pd/C 
(700 mg) at atmospheric pressure and 40 C. until the 
uptake of hydrogen ceased. The reaction mixture was 
filtered through a pad of kieselguhr and the filtrate 
concentrated in vacuo to leaye a yellow solid, which 
was treated with 8M hydrochloric acid (130 ml) and 
heated under reflux until TLC indicated that hydrolysis 
was complete. The solution was concentrated to dry 
ness in vacuo to give the title compound (D14) as a 
yellow solid (4.8 g), which was used in the next stage 
without purification. 

DESCRIPTION 15 

1-Azabicycloš.2.1]oct-5-ylcarboxylic acid 
hydrochloride salt (D15) 

(D15) 

COOH 

The crude ethyl 1-benzyl-l-azoniabicyclo[3.2.1]oct 
5-ylcarboxylate bromide (D4) was treated as in the 
method of Description 14 to give a yellow solid, con 
sisting of a 1:1 mixture of the title compound (D15) and 
7-benzyl-7-aza-2-oxaspiro[4,5decan-1-one (D3). The 
crude product was purified by basifying with potassium 
carbonate solution, washing with chloroform (3 x 60 
ml), re-acidifying with hydrochloric acid and concen 
trating in vacuo to give a yellow solid, which was 
heated under reflux in methanolic hydrogen chloride 
solution (140 ml) for 1.5 h. The mixture was filtered and 
the filtrate concentrated in vacuo to leaye a yellow oil, 
which was basified with saturated potassium carbonate 
solution and extracted with chloroform (3 x 70 ml). The 
combined extracts were dried (Na2SO4) and concen 
trated to leaye an orange oil, which was chromato 
graphed on silica gel eluting with 10% methanol/- 
chloroform to give a yellow oil (2.50 g). A sample of 
this material (1.10 g) was treated with 8M hydrochloric 
acid (80 m) and heated under reflux for 24 h. The solu 
tion was concentrated in vacuo to give the title com 
pound (D15) as a white solid (1.13 g). 
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DESCRIPTION 16 

1-Azabicyclo[2.2.1]hept-4-ylcarboxylic acid 
hydrochloride salt (D16) 

(D16) 

COOH 

Ethyl 
1-benzyl-l-azoniabicyclo[2.2.1]hept-4-ylcarboxylate 

bromide (D13, 1.77 g, 0.0052 mole) was treated as in the 
method of Description 14 to give the title compound 
(D16) as a beige solid (0.96 g), which was used without 

purification. 
DESCRIPTION 17 

Acetamide Oxime (D17) 

NOH 

Me-C-NH2 

(D17) 

A solution of sodium methoxide (prepared from 2.90 
g, 0.126 mole of sodium) in methanol (50 ml) was added 
dropwise over 10 mins to a stirred solution of hydroxy 
lamine hydrochloride (8.7 g, 0.126 mole) in methanol 
(100 ml). The mixture was stirred at room temperature 
for 1 h, then the precipitate was filtered off and the 
filtrate treated with acetonitrile (6.8 ml, 0.13 mole) and 
then heated under reflux. After 6 h, a further 6.8 ml of 
acetonitrile was added and reflux continued for a fur 
ther l6h. The solution was then concentrated in vacuo 
to give the title compound (D17) as a white solid (7.7 g, 
83%), m.p. 123-127 C. 

DESCRIPTION 18 

Ethyl 1-(2-chloroethyl)-3-piperidylcarboxylate (D18) 

COOEt 

N 

N-c 
A solution of ethyl 3-piperidylcarboxylate (100 g, 

0.64 mole) in acetone (600 ml) was treated with 1 
bromo-2-chloroethane (54 ml, 0.64 mole) and anhy 
drous potassium carbonate (138 g, 1.00 mole) and the 
mixture stirred at room temperature for 24 h. The mix 
ture was concentrated in vacuo and the residue treated 
with water (400 ml) and extracted with ether (2x200 
ml). The combined ether extracts were dried (Na2SO4) 
and concentrated in vacuo to leaye a yellow oil, which 
was purified by chromatography on silica gel eluting 
with 50% ether/60-80 petrol to give the title compound 
(D18) as a pale yellow oil (50.0 g, 36%). IH Nimr 
(CDCl3) 8 

1.25 (3H, t, J = 7Hz), 1.40-3.10 (11 H, m), 3.58 (2H, t, 
J-7Hz), 4.15 (2H, q, J = 7Hz). 

(D18) 
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DESCRIPTION 19 

5-Acetyl-l-azabicyclo3.2.1]octane (D19) 

(+) (D19) 

COMe 

A solution of ethyl 1-azabicyclo3.2.1]oct-5-ylcar 
boxylate (E7, Example 7 hereinafter, 6.0 g, 0.033 mole) 
in ethanol (20 ml) was treated with a solution of lithium 
hydroxide monohydrate (1.43 g, 0.034 mole) in water 

(60 ml). The mixture was stirred at room temperature 
for 18h and then concentrated in vacuo to leaye a white 
solid, which was dried thoroughly. A stirred suspension 
of this material (finely powdered) in dry THF (350 ml) 
under nitrogen was cooled to O' C. and treated with 
methyllithium (30.0 ml of 1.4M solution in ether, 0.042 
mole). The reaction mixture was heated under reflux for 
5.5 h and then cooled to room temperature before add 
ing to excess cold dilute hydrochloric acid. The aque 
ous mixture was basified with potassium carbonate solu 
tion and extracted with chloroform (3 x 100 ml). The 
combined extracts were dried (Na2SO4) and concen 
trated in vacuo to leaye a yellow oil, which was purified 
by passage through a basic alumina column eluting with 
ethyl acetate, to give the title compound (D19) as a pale 
yellow oil (2.35 g, 45%). 

1H Nimr (CDCl3) 8 
5 1.45-1.55 (1H, m), 1.65-1.90 (4H, m), 2.00-2.10 
(b 1M, m), 2.15 (3H, s), 2.65-3.00 (5H, m), 
3.05-3.20 (1H, m). 
Ir (film) u C=O 1695 cm-l. 

DESCRIPTION 20 

1-Azabicyclo3.2.1]oct-5-ylcarboxamide (D2O) 

(-) (D2O) 

CONH2 

5 

O 

15 

20 

25 

30 

35 

45 

50 

55 

65 
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Ethyl l-azabicyclo3.2.1]oct-5-ylcarboxylate (E7, 
Example 7 hereinafter, 9.6 g., 0.053 mole) was treated 
with 8M hydrochloric acid (130 ml) and heated under 
reflux for 18 h. The solution was concentrated in vacuo 
to give a white solid, which was treated with thionyl 
chloride (80 ml) and heated under reflux for 6 h. The 
reaction mixture was concentrated in vacuo to leaye a 

red semi-solid, which was suspended in 
dichloromethane (120 ml), cooled in an ice bath and 
treated with an excess of annonia/dichloromethane 

solution. The mixture was stirred at room temperature 
for 1 h, then treated with saturated potassium carbonate 

solution. The organic layer was separated and the 
aqueous was extracted with chloroform (3X70 ml). All 
the organics were combined, then dried (Na2SO4) and 
concentrated in vacuo to give the title compound (D2O) 
as a brown solid (6.2g, 76%), which was used without 

further purification. 
DESCRIPTION 21 

1-Azabicyclo[3.2.11 oct-5-ylcarbonitrile (D21) 

(+) (D21) 

CN 

A stirred solution of 1-azabicyclo3.2.1]oct-5-ylcar 
boxamide (D20, 2.20 g, 0.014 mole) in dry toluene (100 
ml) was treated with phosphorus pentoxide (3.9 g, 0.028 
mole) and heated under reflux for 7 h. The mixture was 
allowed to cool, basified with potassium carbonate solu 
tion and the toluene layer separated. 
The aqueous was extracted with ether (2 x 60 ml) and 

the ether extracts combined with the toluene solution, 
dried (Na2SO4) and concentrated in vacuo to give the 
title compound (D21) as a yellow oil (1.6 g., 84%). This 
was used without further purification. HNmr (CDCl3) 

1.40-1.55 (1H, m), 1.60- 1.80 (1H, m), 1.85-2.20 
(4H, m), 2.70-2.85 (2H, m), 2.85-3.00 (2H, n), 
3.00-3.15 (2H, m) 

DESCRIPTION 22 

1-Azabiocyclo[2.2.1]hept-4-yl carboxamide (D22) 

(D22) 

CONH2 

Ethyl l-azabicyclo[2.2.1]hept-4-yl-carboxylate (E8, 
Example 8 hereinafter, 2 g, 0.012 mole) was converted 
by the procedures of description 20 to the crude title 
compound (D22, 1.33 g, 55%), used without further 
purification. 
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DESCRIPTION 23 

1-Azabicyclo[3.2.1 loct-5-ylcarboxaldehyde (D23) 

5 (t) (D23) 

CHO 
10 

A solution of ethyl 1-azabicyclo[3.2.1]oct-5-yl--car 
boxylate (E7, Example 7 hereinafter, 6.0 g, 0.033 mole) 
in dry toluene (150 ml) at -65 C. under nitrogen was 
treated dropwise over 15 minutes with 1.5M 15 
diisobutylaluminium hydride in toluene (30 ml, 0.045 
mole) and the reaction stirred at - 65 C. for 1.25 h. The 
solution was poured into 10% sodium hydroxide solu 
tion (100 ml), stirred for 5 minutes and then extracted 
with ethyl acetate (1X 150 ml) followed by chloroform 20 
(1 x 100 ml). The two extracts were dried (Na2SO4) and 
concentrated in vacuo separately. The ethyl acetate 
extract gave a gelatinous white semi-solid, which was 
shaken with ether (200 ml), filtered through a pad of 
kieselguhr and the filtrate concentrated in vacuo to 25 
leave a pale yellow oil. This was combined with the 
product from the chloroform extract to give a yellow 
oil (5.0 g) containing the title compound (D23), which 
was used without further purification. 

DESCRIPTION 24 

3-(4-Toluenesulphonyl)propanal ethylene acetal (D24) 

30 

(D24) O 

solu-r 35 r Me 

A mixture of sodium 4-toluenesulphinate monohy- 40 
drate (37.2g, 0 19 mole) and 2-(2-bromoethyl)-1,3-diox 
olane (20 ml, 0.17 mole) in dry DMF (100 ml) was 
stirred at room temperature for 64 h, resulting in a ho 
mogenous solution. This was poured into ice/water (1 
liter) containing conc. ammonia solution (100 ml) and 45 
stirred vigorously until a white precipitate formed. The 
solid was filtered off, washed with water, dried and 
recrystallised from propan-2-ol/ether to give the title 
compound (D24) as a white solid (28.7 g, 66%) m.p. 
78-80° C. 1H-NMR (CDCl3) 8: 50 

1.75-2.20 (2H, m), 2.42 (3H, s), 2.95-3.35 (2H, 
m), 3.70–3.95 (4H, m), 4.88 (1H, t, J = 4Hz), 
7.25 (2H, d, J =8Hz), 7.72 (2H, d, J =8Hz). 

DESCRIPTION 25 

4-(4-Toluenesulphonyl)butan-2-one ethylene ketal 
(D25) 

55 

Me (D25) 

solu-/- 60 O 
O 

Me v 

A stirred mixture of 4-toluenesulphinic acid (23.7g, 65 
0.15 mole) and ethylene glycol (30 ml) was treated over 
10 minutes with methyl vinyl ketone (6.3 ml, 0.075 
mole). The reaction was slightly exothermic and gave a 

24 
clear solution. This was stirred at room temperature for 
6 h, during which time a white precipitate formed. The 
mixture was poured into ice/water (600 ml) containing 
conc. ammonia solution (20 ml) and on vigorous stirring 
a white solid crystallised. This was filtered off, washed 
with water, dried and recrystallised from propan-2- 
ol/60-80 petrol to give the title compound (D25) as a 
white solid (15.2 g, 75%) m.p. 122-123° C. H-NMR 
(CDCl3) 6: 

1.27 (3H, s), 2.00-2.10 (2H, m), 2.45 (3H, s), 
3.13-3.23 (2H, m), 3.80-3.95 (4H, m), 7.36 (2H, 
d, J =8Hz), 7.80 (2H, d, J = 8Hz) 

DESCRIPTION 26 

2 1-Azabicyclo[3.2.1]oct-5-ylcarboxaldehyde oxime 
hydrochloride salt (D26) 

(t) (D26) 

CHNOH 

A solution of crude 1-azabicyclo3.2.1]oct-5-ylcar 
boxaldehyde (D23, 2.11 g, assumed 0.0135 mole) in 
methanol (20 ml) was treated with hydroxylamine hy 
drochloride at room temperature overnight. After 
evaporation of the solvent in vacuo. the residue was 
diluted with water (50 ml), saturated with potassium 
carbonate and 3 extracted with chloroform (4 X 100 
ml). The combined organic extracts were dried (Na2 
SO4) and concentrated to give the crude product. Chro 
matography on silica gel eluting with 15% methanol/- 
chloroform yielded the desired product as a white crys 
talline solid (0.931 g) m.p. 108-110' C. which was con 
verted to the hydrochloride and used without further 
purification. 

DESCRIPTION 27 

5-(a-Bromoacetyl)-1-azabicyclo3.2.11 octane 
hydrobromide (D27) 

(E) (D27) 

Br 

A Solution of the hydrobromide salt of 
5-acetyl-l-azabicyclo[3.2.1]octane (D19) (2.0 g; 8.5 

mmole) in dry methanol (35 ml) was cooled to -10° C. 
and treated with a solution of bromine (0.44 ml; 8.5 
mmole) in dry methanol (5 ml). The reaction was 
maintained at 0° C. for 18 h. A further quantity of 
bromine (0.44 mi) was added and after 5 h at room 
temperature the reaction was diluted with water and 
stirred for 1 h. Evaporation of solvent and excess 
reagent in vacuo afforded a yellow foam (3.0 g) consist 
ing mainly of the title compound (D27). This material 
was used in the next stage without purification. 

Ir (film) uC=O 1720cm-l 
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DESCRIPTION 28 

5-(a-Azidoacetyl)-1-azabicyclo[3.2.1]octane (D28) 

-- (--) (D28) 

A solution of 5-(a-bromoacetyl)-1-azabicyclo[3.2.- 
1loctane hydrobromide (D27) (1.8 g; 5.8 mmole) in dry 
N,N-dimethylformamide (25 ml) was treated with so 
dium azide (0.41 g; 6.3 mmole) and stirred in the dark at 
room temperature for 21 h. The reaction mixture was 
concentrated in vacuo and the residue was treated with 
a saturated potassium carbonate solution (25 ml) and 
extracted into chloroform (4x25 ml). The dried (so 
dium sulphate) organic layers were concentrated in 
vacuo to give the title compound (D28) as an orange oil 
(0.75 g; 67%) which was used in the next stage without 
purification. 

Ir (film) uns 2100 cm-1 
DESCRIPTION 29 

5-a-(Acetylamino)acetyl-l-azabicyclo3.2.1]octane 
(D29) 

(t) (D29) 

O N- N 

N 
O 

/N 
N Me 
H 

5-(a-Azidoacetyl)-l-azabicyclo3.2.1]octane (D28) 
(0.35 g; 1.8 mmole) was hydrogenated for 5 h over a 
5% Pd/C catalyst (0.2 g) in ethanol (30 ml) containing 
1 ml of 36% hydrochloric acid. Filtration through 
Kieselguhr followed by evaporation of solvent in va 
cuo afforded the required amino ketone which was 
treated with absolute chloroform (30 ml) and acetyl 
chloride (0.26 ml); 3.6 mmole) followed by pyridine 
(0.29 ml; 3.6 mmole). The mixture was stirred vigorous 
ly at room temperature and after 1h a further portion of 
pyridine (0.29 ml) was added. Stirring was continued 
for an additional 3 h and during this period excess 
acetyl chloride (0.26 ml) and pyridine (0.29 ml) was 
added. The mixture was concentrated in vacuo and the 
residue was treated with saturated potassium carbonate 
solution (20 ml). Extraction into chloroform (4x20 ml) 
followed by drying (sodium sulphate) and evaporation 
in vacuo afforded a crude.oil (0.4 g). Purification on 
neutral alumina using a graded eluant of 0–2% methan 
olchloroform afforded the title compound (D29) (0.13 
g; 34%). H Nimr (CDCl3) 6: 

41.60-2.20 (6H, m), 2.04 (3H, s), 2.70-3.20 (6H, 
m), 4.25 (2H, m), 6.38 (1H, br, NH). 3C Nimr (CDCl3) 

8: 

O 

5 

20 

25 

30 

35 

45 

50 

55 

65 
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19.19, 23.00, 32.52, 33.93, 46.61, 52.22, 54.41, 
54.82, 63.02, 170.16, 208.17. 
Ir (film) unH 3300cm-1, uC=O 1710cm-1, 
uC=O 1660cm 1. 

EXAMPLE 1. 

Ethyl 1-azabicyclo3.3.1 non-5-ylcarboxylate (E1) 

(E1) 

COOEt 

A solution of ethyl 
1-benzyl-1-azoniabicyclo3.3.1-non-5-ylcarboxylate 

bromide (D2, 1.30 g, 0.0035mole) in ethanol (100 ml) 
was hydrogenated over 10% Pd/C (300mg) at 

atmospheric pressure and 40° C. until the uptake of 
hydrogen ceased. The reaction mixture was filtered 

through a pad of kieselguhr and the filtrate 
concentrated in vacuo to leave an orange solid, which 
was treated with saturated potassium carbonate solution 
(20 ml) and extracted with chloroform (3x40ml). The 

combined extracts were dried (Na2SO4) and 
concentrated in vacuo to leave a yellow oil, which was 
distilled in a Kugelröhr apparatus (b.p. approx. 150 

C.0.2mm) to give the title compound (E1) as a 
colourless oil (490mg, 71%). 1H Nimr (CDCl3) 8: 
1.24 (3H, t, J =7Hz), 1.45-1.59 (2H, m), 
1.90-2.15 (6H, m), 2.94-3.10 (6H, m), 4.10 (2H, 
q, J=7Hz). 
13C Nimr (CDCl3) 8: 
14.19, 22.70, 31.91, 37.26, 51.72, 56.03, 60.27, 
177.34. 
M.S.: Calculated mass for CH19NO2 = 197.1416 
Observed mass = 197.1406. 
Ir: (film) uC=O 1730cm-l. 

EXAMPLE 2 

Methyl 1-azabicyclo[3.3.1 non-5-ylcarboxylate oxalate 
salt (E2) 

(E2) 

fooh 
N- N. COOH 

COOMe 

Ethyl 1-azabicyclo3.3.1 non-5-ylcarboxylate (E1, 4.1 
g, 0.021 mole) was treated with 8M hydrochloric acid 
(130 ml) and the solution heated under reflux for 3 h. 
The solution was concentrated in vacuo to leave a yel 
low solid, which was dried thoroughly and then treated 
with methanolic hydrogen chloride solution and heated 
under reflux for 2 h. The solution was concentrated in 
vacuo and the residue basified with saturated potassium 
carbonate solution (40 ml) and extracted with chloro 
form (3X50 ml). The combined extracts were dried 
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(Na2SO4) and concentrated to leave a yellow oil, which EXAMPLE 4 
was distilled using a Kugelrohr apparatus (b.p. approx. 
150 C.0.4mm) to give a white solid (2.8 g., 73%) m.p. 5-Ethoxy-1-azabicyclo3.2.1]octane hydrochloride salt 
60-62C. This was converted to the oxalate salt, which 5 (E4) 
was recrystallised from methanol/ether to give the title 
compound (E2) as a 5 white solid m p. 122-125 C. (t) (E4) 

Oxalate:- 1H NMR (CD3OD) 8: 
1.84-2.06 (4H, m), 2.08-2.22 (2H, m), 2.30-2.52 n N. HC 
(2H, m), 3.30-3.52 (6H, m), 3.71 (3H, s). 10 OEt 
Analysis: C10H17NO2C2H2O4 requires C: 52.75, 

H:7.00, 
N: 5.15; found C: 52.40, H, 6.90, H: 4.95. A solution of the crude 1-benzyl-5-ethoxy-1- 
M.S.: Calculated mass for C10H17NO2 = 183.1259 15 azoniabicyclo3.2.1]octane chloride (D8) in ethanol 
Observed mass = 183.1263. (250 ml) was hydrogenated over 10% Pd.C (450mg) at 

atmospheric pressure and 40 C. until the uptake of 
EXAMPLE 3 hydrogen ceased. The catalyst was removed by filtra 

Methyl 1-azabicyclo3.2.1]oct-5-ylcarboxylate oxa- tion through a pad of kieselguhr and the filtrate concen 
late salt (E3) 20 trated to give a yellow solid. This was partitioned be 

tween chloroform and saturated potassium carbonate 
solution The 2 organic layer was separated, dried (Na2 
SO4) and concentrated to leave a yellow oil, which was 

COOH distilled in a Kugelrohr apparatus (b.p. approx. 130 
25 C.0.3mm) to give a colourless oil. This was converted 

N. COOH to the hydrochloride salt, which was recrystallised from 
ethanol/ether to give the title compound (E4) as a hy 
droscopic white solid (1.25 g, 54%) m.p. 135-137° C. 

Hydrochloride:- H. Nimr (CD3OD) 8: 
A solution of the crude ethyl 1-benzyl-1-azoniabicy- 30 1.17 (3H, t, J =7Hz), 1.84-2.20 (6H, m), 

(f) (E3) 

COOMe 

clo-3.2.1]oct-5-ylcarboxylate bromide (D4) in ethanol 3.12-3.47 (5H, m), 3.48-3.62 (2H, m), 3.64-3.78 
(200 ml) and 11 M hydrochloric acid (5 ml), was hydro- (1H, m). 
genated over 10% Pd-C (1.0 g) at atmospheric pressure M.S.: Calculated mass for C9H7NO = 55.1310 
and 40 C. until the uptake of hydrogen was complete. Observed mass = 155.1310. 
The catalyst was filtered off through kieselguhr and the 35 EXAMPLE 5 
filtrate concentrated in vacuo to leave a yellow semi - icvclo?3.2. tate h solid, which was treated with 8M hydrochloric acid 1-Azabicyclo3.2.1]oct-5-yl acetate hydrochloride salt 
(150 ml) and heated under reflux for 11 hours. The (E5) 
solution was concentrated to leave a yellow solid, 40 -- (E5) 
which was basified with saturated potassium carbonate (--) 
solution and washed with chloroform (3 x 60 ml). The 
aqueous solution was acidified with 11M hydrochloric N- N. HCl 
acid and concentrated in vacuo to leave a yellow solid, OAc 
which was heated under reflux in methanolic hydrogen 45 
chloride (140 ml) for 1.5 h. The mixture was filtered and 
the filtrate concentrated to leave a yellow oil, which 
was treated with saturated potassium carbonate solution 
and extracted with 8 chloroform (3 x 70 ml). The con- so under reflux for 15 minutes The solution was then 
bined extracts were dried (Na2SO4) and concentrated in concentrated in vacuo and the residue treated with 
vacuo to give an orange oil, which was purified by saturated sodium hydrogen carbonate solution (40 ml) 
column chromatography on silica gel eluting with 10% and 9, extracted with chloroform (3x60 ml). The 
methanol/chloroform to give a yellow oil (2.50 g). This combined extracts were dried (Na2SO4) and evaporated 
was converted into the oxalate salt and recrystallised 55 to leave a yellow oil, which was distilled in a Kugelrohr 

1-Azabicyclo[3.2.1]octan-5-ol (D9, 1.20 g, 0.0094mole) 
was treated with acetic anhydride (20 ml) and heated 

from methanol/ether to give the title compound (E3) as apparatus (b.p. approx. 130° C.04mm) to give a 
a white solid m.p. 114-116 C. colourless oil. This was converted into its 

Oxalate:- H. Nimr (CD3OD) 8: hydrochloride salt and recrystallised from ethanol/ 
ether to give the title compound (E5) as a white solid 

1.90-2.25 (5H, m), 2.30–2.45 (1H, m), 3.20-3.40 (1.05 g, 54%) m.p. 180°-182 C. 
(3H, m) 3.40-3.55 (1H, m), 3.55-3.70 (2H, m), 60 
3.73 (3H, s) Hydrochloride:- 1H Nimr (CD3OD) 8: 

1.95-2.38 (5H, m), 2.05 (3H, s), 2.50-2.64 (1H, Analysis: CoH15NO2. C2H2O4 requires C: 50.95H: m), 3.20-3.48 (3H, m), 3.59 (2H, br.s), 
6.60, 3.63-3.77 (1H, m). 
N: 5.40; found C: 50.65, H: 6.95, N: 5.35. 65 Analysis: CoH5NO2.HCl requires C: 52.55, H: 7.85, 
M.S.: Calculated mass for C9H15NO2 = 169.1103. N: 
Observed mass = 169.1 101. 6.80; found C: 52.20, H: 8.05, N: 6.80. 
Free Base:-Ir (film): vC=O 1730cm-l. M.S.: Calculated mass for C9H15NO2 = 169.1103 



4,971,975 
29 

Observed mass = 69.1 102. 
Free base:-Ir (film) uC=O 1740cm-1. 

EXAMPLE 6 

Methyl l-azabicyclo[2.2.1]hept-4-ylcarboxylate oxalate 
salt (E6) 

(E6) 

fooh 
N. COOH 

N-1 

COOMe 

A solution of ethyl 1-benzyl-1-azoniabicyclo[2.2.1]- 
hept-4-ylcarboxylate bromide (D13, 3.40 g, 0.010 mole) 
in ethanol (150 ml) was hydrogenated over 10% Pd-C 
(500mg) at atmospheric pressure and 40° C. until uptake 

5 

10 

15 

of hydrogen ceased. The catalyst was filtered off 20 
through a pad of kieselguhr and the filtrate concen 
trated in vacuo to leave a white solid, which was treated 
with 8M hydrochloric acid (70 ml) and heated under 
reflux for 10 h. The solution was concentrated in vacuo 
to leave an orange solid, which was dried thoroughly 
and then refluxed in methanolic hydrogen chloride (100 
ml) for 2 hours. The solution was concentrated in vacuo 
and the residue basified with saturated potassium car 
bonate 

solution, then extracted with chloroform (3x50 ml). 
The combined extracts were dried (Na2SO4) and con 
centrated to leave an orange oil, which was purified by 
column chromatography on silica gel eluting with 5% 
methanol/chloroform to give a yellow oil. This was 
converted to the oxalate salt and recrystallised from 
methanol/ether to give the title compound (E6) as a 
white solid (910mg, 37%), m.p. 131-133° C. 

Oxalate:- 1H Nimr (CD3OD) 6: 
2.00-2.15 (2H, m), 2.30–2.45 (2H, m), 3.30-3.40 
(2H, m), 3.42 (2H, s), 3.50-3.65 (2H, m), 3.76 
(3H, s). 
Analysis: C3H3NO2.C2H2O4 requires C: 49.00, H: 

6.15, 
N: 5.70; found C: 48.85, H: 6.20, N; 5.70. 
M.S.: Calculated mass for C8H13NO2.s 155.0946 
Observed mass = 155.0948. 
Free Base:-Ir (film): C=O 1730cm-l. 

EXAMPLE 7 

Ethyl 1-azabicyclo[3.2.1]oct-5-ylcarboxylate (E7) 

(E) (E7) 

COOEt 

A solution of diisopropylamine (33.6 ml, 0.24 mole) in 
dry ether (1500 ml) at -65 C. under nitrogen was 
treated with 1.5M n-butyllithium in hexane (150 ml, 
0.225 mole) and the solution stirred for 15 mins, before 
adding N,N,N',N'-tetramethylethylenediamine (68 ml, 
0.45 mole). After stirring for a further 15 mins, the 
solution was treated with a solution of ethyl 1-(2- 
chloroethyl)-3-piperidylcarboxylate (D18, 44.7 g, 0.204 
moie) in dry ether (100 ml) and the mixture allowed to 
warm up to room temperature over 2 h. The reaction 

25 
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mixture was treated with potassium carbonate solution 
(300 ml) and the ether layer separated, dried (Na2SO4) 
and concentrated in vacuo to leave an orange oil. This 
was purified by chromatography on silica gel eluting 
with 10% methanol/chloroform to give the title com 
pound (E7) as a yellow oil (31.9 g, 84%), b.p. 120°-130 
C.0.4 nm (Kugelrohr apparatus). 

1H Nimr (CDCl3) 8: 
1.25 (3H, t, J=7Hz), 1.10-2.20 (6H, m), 
2.60-3.25 (6H, m), 4.20 (2H, q, J = 7Hz). 

EXAMPLE 8 

Ethyl 1-azabicyclo2.2.1]hept-4-ylcarboxylate (E8) 

(E8) 

N 

N-1 

COOEt 

Ethyl 1-benzyl-l-azoniabicyclo2.2.1]hept-4-ylcar 
boxylate bromide (D13, 15 g, 0.044 mole) in ethanol 
(250 ml) was hydrogenated over 10% Pd on carbon (1 
g). The reaction was then filtered through celite and the 
filtrate concentrated in vacuo to yield the crystalline 
hydrobromide. The salt was partitioned between chlo 
roform and saturated aqueous potassium carbonate so 
lution. The organic phase was separated, dried, concen 
trated in vacuo and distilled to give the title compound 
(E8) as a colourless oil (7.7 g, 68%), b.p. 203-205/10 

EXAMPLE 9 

5-(3-Methyl-1,2,4-oxadiazol-5-yl)-1-azabicyclo3.3.1- 
nonane oxalate salt (E9) 

(E9) 

COOH 

COOH 

N 
O 

1s 
1-Azabicyclo3.3.1 non-5-ylcarboxylic acid hydro 

chloride salt (D14) (1.79 g, 0.0087 mole) was treated 
with thionyl chloride (20 ml) and heated under reflux 
for 5 h. The solution was concentrated in vacuo to leave 
a white solid, which was taken up in chloroform (150 
ml), treated with acetamide oxime (D17) (770mg, 0.0104 
mole) and heated under reflux for 6 h. The reaction 
mixture was basified with saturated potassium carbon 
ate solution and extracted with chloroform (3X80 ml). 
The combined extracts were dried (Na2SO4) and con 
centrated to leave a white solid, which was treated with 
xylene (200 ml) and heated under reflux for 1.5 h, using 
a Dean and Stark head to trap water formed. The reac 
tion mixture was concentrated in vacuo to leave a yel 
low oil, which was chromatographed on silica gel elut 
ing with 5% methanol/chloroform to give a colourless 
oil (1.60 g, 89%). This was converted to the oxalate salt 
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and recrystallised from ethanol/ether to give the title 
compound (E9) as a white solid m.p. 168-170° C. 
Oxalate:-1H NMR (d6-DMSO) 8: 
1.75-1.90 (2H, m), 1.97-2.12 (2H, m), 2.15-2.25 
(2H, m), 2.25-2.43 (2H, m), 2.35 (3H, s), 
3.25-3.43 (4H, m), 3.47 (2H, s). 
M.S.:-Calculated mass for C11H17NO3O=207. 1372 
Observed mass=2O7.1371. 

EXAMPLE O 

5-(3-Methyl-1,2,4-oxadiazol-5-yl)-1-azabicyclo[3.2.- 
1 octane oxalate salt (E10) 

(E10) 

COOH N-N. 
COOH 

1-Azabicyclo3.2.1]oct-5-ylcarboxylic acid hydro 
chloride salt (D15) (1.24g, 0.0065 mole) was treated as 
in the method of Example 9, to give the title compound 
as a white solid (720mg, 39%) m.p. 124-127 C. 

Oxalate:- H NMR (CD3OD) 8: 
2.00-2.33 (4H, m), 2.37 (3H, s), 2.40-2.65 (2H, 
m), 3.35-3.48 (2H, m), 3.54-3.67 (2H, m), 
3.69-3.86 (2H, m). 
Analysis:- C10H15N3O.C2H2O4. 
requires C: 50.90, H: 6.05, N: 14.85 
found C: 50.90, H: 5.90, N: 14.75. 
M.S.: Calculated mass for C10H15NO3O= 193.1215 
Observed mass-193.1214. 

EXAMPLE 11 

4-(3-Methyl-1,2,4-oxadiazol-5-yl)-1-azabicyclo2.2.1- 
heptane oxalate salt (E11) 

(Ell) 

COOH 

COOH 

1-Azabicyclo2.2.1]hept-4-ylcarboxylic acid hydro 
chloride salt (D16) (960mg, 0.0052 mole) was treated as 
in the method of Example 9, to give the title compound 
as a white solid (350mg, 25%) m.p. 172-174 C. 
Oxalate:-1H NMR (d6-DMSO) 8: 
2.05-2.20 (2H, m), 2.27-2.43 (2H, m), 2.37 (3H, 
s), 3.20–335 (2H, m), 3.40-3.55 (2H, m), 342 
(2H, s). 
M.S.:-Calculated mass for C9H13N3O = 179. 1059 
Observed mass = 179.1043. 

EXAMPLE 12 

5-(1,3-Oxazol-2-yl)-1-azabicyclo[3.2.1]octane oxalate 
salt (E12) 
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(E12) 

COOH N-N 
COOH 

A stirred mixture of 1-azabicyclo3.2.1]oct-5-ylcar 
boxamide (D20, 1.50 g, 0.0097 mole) and vinylene car 
bonate (1.2g, 0.014 mole) in polyphosphoric acid (35 g) 
was heated at 120-130 C. for 2 h. The reaction mixture 
was allowed to cool, then treated with ice, before basi 
fying with potassium carbonate solution. The aqueous 
was shaken well with ether, then the mixture filtered 
and the organic layer separated. The aqueous was again 
extracted with ether (2 x 80 ml) and all the ether ex 
tracts combined, dried (Na2SO4) and concentrated in 
vacuo to leave a yellow oil. This was chromatographed 
on a basic alumina column eluting with ethyl acetate 
and the material obtained converted to its oxalate salt 
and recrystallised from methanol/ether to give the title 
compound (E12) as a white solid (410mg, 16%) m.p. 
143-145 C. 

Oxalate: 1H Nimr (d6-DMSO) 6: 
1.80-2.15 (4H, m), 2.20-2.45 (2H, m), 3.15-3.30 
(2H, m), 3.35-3.65 (4H, m), 7.20 (1H, s), 8.13 
(1H, s). 
Analysis: C10H14N2O.C2H2O4 requires C: 53.75, H: 

6.00, 
N: 10.45; found C: 53.80, H: 6.20, N: 10.25. 

EXAMPLE 13 

5-(2-Methyl-1,3,4-oxadiazol-5-yl)-l-azabicyclo3.2.1]oc 
tane oxalate salt (E13) 

(E13) 

COOH N-N 
COOH 

Methyl 1-azabicyclo3.2.1]oct-5-ylcarboxylate (E3, 
1.25 g, 0.0074 mole) was treated with hydrazine hydrate 
(1.8 ml, 0.037 mole) and the mixture was heated at 120 
C. for 2 h. The solution was allowed to cool, then 
treated with saturated potassium carbonate solution and 
extracted with chloroform (3X50 ml). The combined 
extracts were dried (K2CO3) and concentrated in vacuo 
to leave a yellow oil, which was treated with triethyl 
orthoacetate (8 ml) and heated at 120° C. for 2 h. The 
solution was then concentrated in vacuo, and the resi 
due heated at 120° C. for a further 2 h. The reaction 
mixture was allowed to cool, then treated with satu 
rated potassium carbonate solution and extracted using 
chloroform (3X70 ml). The combined extracts were 
dried (Na2SO4) and concentrated in vacuo to give a red 
oil, which was purified by column chromatography on 
basic alumina, eluting with 5% methanol/ethyl acetate 
to give a yellow oil (370 mg). This was converted into 
the oxalate salt, which was recrystallised from me 
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thanol/ether to give the title compound (E13) as a 
white solid (410mg, 20%) m.p. 153-155° C. 

Oxalate:- 1H Nimr (d6-DMSO) 8: 
1.80-2.15 (4H, m), 2.25–2.45 (2H, m), 2.50 (3H, 
s), 3.20-3.30 (2H, m), 3.35-3.65 (4H, m) 5 
Analysis: C10H15N3O.C2H2O4 requires C: 50.90, H: 

6.05, 
N: 14.85; found C: 50.80, H: 6.20; N: 14.75. 

EXAMPLE 14 

5-(1,3,4-Oxadiazol-2-yl)-1-azabicyclo[3.2.1]octane 
oxalate salt (E14) 

O 

(E14) 
15 

COOH 

COOH 

ny 

Ethyl 1-azabicyclo[3.2.1]oct-5-ylcarboxylate (E7) 
(2.0 g, 0.011 mole) was treated as in the method of Ex 
ample 13, but using triethyl orthoformate in place of 25 
triethyl orthoacetate and an initial reaction time of 8 h 
at 120° C., followed by 2 hat 140° C. The crude product 
was purified by column chromatography on silica gel 
eluting with 20% methanol/chloroform to give a co 
lourless oil. This was converted to its oxalate salt and 
recrystallised from methanol/ether to give the title 
compound (E14) as a white solid (270mg, 9%) m.p. 
192-194' C. 
Oxalate:-1H Nimr (d6-DMSO) 8: 
1.80-1.95 (1H, m), 1.95-2.20 (3H, m), 2.30-2.45 
(2H, m), 3.20–3.30 (2H, m), 3.40-3.65 (4H, m), 
9.30 (1H, s). 
Analysis: CoH13N3O.C2H2O4 requires C: 49.05, H: 

5.60, 
N: 15.60; found C: 49.30, H: 5.80, N: 15.60. 

EXAMPLE 15 

5-(1,2-Oxazol-5-yl)-1-azabicyclo[3.2.1]octane oxalate 
salt (E15) 

30 

35 

45 

(E15) 

COOH N-N 
COOH 50 

A solution of 5-acetyl-l-azabicyclo[3.2.1]Octane 
(D19, 2.30 g, 0.015 mole) in dry toluene (100 ml) was 
treated with ethyl formate (2.2 ml, 0.025 mole), sodium 
hydride (450mg of 80% oil dispersion, 0.015 mole) and 
ethanol (3 drops). The mixture was heated under reflux 
for 18 h, then cooled to room temperature and the pre 
cipitate filtered off and dried (2.30 g). This material 
suspended in ethanol (120 ml) and the mixture brought 
to pH6 by the addition of a 1M solution of p-toluenesul 
phonic acid in toluene. The resulting solution was 
treated with a solution of hydroxylamine-O-sulphonic 
acid (1.32 g, 0.012 mole) in ethanol (5 ml), stirred at 
room temperature for 1 h and then concentrated in 
vacuo. The residue was basified with saturated potas 

55 

65 
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sium carbonate solution and extracted with chloroform 
(3X80 ml). The combined extracts were dried (Na2 
SO4) and concentrated in vacuo to leave a yellow semi 
solid, which was purified by column chromatography 
on silica gel eluting with 10% methanol/chloroform to 
give a colourless oil (550mg). This was converted to its 
oxalate salt and recrystallised from methanol/ether to 
give the title compound (E15) as a white solid (540mg, 
13%) m.p. 122-124 C. 

Oxalate:- 1H Nimr (d6-DMSO) 8: 
1.90–2.25 (4H, m), 2.35-2.45 (2H, m), 3.25-3.45 
(2H, m), 3.50-3.75 (4H, m), 6.60 (1H, d, J =3Hz), 
8.65 (1H, d, J =3Hz). 
Free base:-Ir (film) uC=N 1585cm-l. 
Analysis: C10H14N2O.C2H2H4 requires C: 53.75, H: 

6.00, 
N: 10.45; found C: 54.00, H: 6.15, N: 10.50. 

EXAMPLE 16 

5-(5-Methyl-1,2,4-oxadiazol-3-yl)-1-azabicyclo3.2.1]oc 
tane oxalate salt (E16) 

(E16) 

COOH N-N 
COOH 

A solution of sodium methoxide in methanol (120 ml) 
(prepared from 1.04 g, 0.045 mole of sodium) was 
treated with hydroxylamine hydrochloride (3.05 g, 
0.044 mole) and the mixture stirred at room temperature 
for 1.5 h. The mixture was filtered and the filtrate added 
to a solution of 1-azabicyclo[3.2.1]oct-5-ylcarbonitrile 
(D21, 1.50 g, 0.011 mole) in methanol (15 ml) and 
heated under reflux for 24 h. The solution was concen 
trated in vacuo to leave a white solid, which was treated 
with acetic anhydride (20 ml) and heated under reflux 
for 2 h, before concentrating in vacuo. The residue was 
basified with saturated potassium carbonate solution 
and extracted with ethyl acetate (3 x 70 ml). The com 
bined extracts were dried (Na2SO4) and concentrated in 
vacuo to leave an orange oil, which was purified by 
chromatography on basic alumina, eluting with 10% 
ethyl acetate/ether to give a colourless oil. This was 
converted to its oxalate salt and recrystallised from 
methanol/ether to give the title compound (E16) as a 
white solid (310mg, 10%) m.p. 126-127 C. 
Oxalate:-1H Nimr (d6-DMSO) 8: 
1.80-2.15 (4H, m), 2.20-2.40 (2H, m), 2.60 (3H, 
s) b 3.20–3.30 (2H, m), 3.35-3.65 (4H, m). 
Analysis:- C10H15N3O.C2H2O4 requires C: 50.90, H: 

6.05, 
N: 14.85; found C: 50.90, H: 6.15, N: 14.75. 

EXAMPLE 17 

4-(2-Methyl-1,3,4-oxadiazol-5-yl)-1-azabicyclo[2.2.1- 
heptane oxalate salt (E17) 
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(E17) 

COOH 
N 5 

COOH 

W 10 

Ethyl 1-azabicyclo[2.2.1]hept-4-yl carboxylate (E8, 15 
1.2g, 0.007 mole) was treated, by the procedures out 
lined in Example 13, with hydrazine hydrate followed 
by triethyl orthoacetate. Following the heating of the 
residue from the orthoacetate reaction at 120 for a 
further 2 h, the material was directly distilled to give an 
oil (0.8 g), b.p. 180-185 C.0.1 mm. This was dissolved 
in ether (50 ml) and treated with oxalic acid (400mg) in 
methanol (2 ml). The precipitated oxalate salt was col 
lected by filtration and recrystallised from me 
thanol/ether to give the title compound (E17) as a 
white solid (1.08 g, 53%), m.p. 136°-138 C. 

Oxalate:- H Nmr (d6-DMSO) 8: 
2.13 (2H, m, 3-H, 5-H), 2.43 (2H, m, 3-H, 5-H), 2.53 

(3H, s, CH3), 3.33 (2H, m, 2-H, 6-H), 3.40 
(2H, s, 7-CH2), 3.58 (2H, m, 2-H, 6-H). 
Analysis:- C9H13N3O.C2H2O4 requires C: 49.00, H: 35 

5.60, 
N: 15.60; found C: 48.80, H: 5.50, N: 15.50. 

25 

30 

EXAMPLE 1.8 
40 

4(1,3-Oxazol-2-yl)-1-azabicyclo2.2.1]heptane oxalate 
salt (E18) 

(E18) 45 
COOH 

N 
N1 COOH 

50 

N 

(s-o 
55 

1-Azabicyclo[2.2.1]hept-4-yl carboxamide (D22, 1.33 
g, 0.0094 mole), was converted by the procedures de 
scribed in Example 12, but using 5-10% methanol in 
ethyl acetate as eluant in the chromatographic purifica 
tion. The title compound (E18) was obtained as a white 
solid (235mg, 8%), m.p. 174-176' C. 
Oxalate:-1H Nimr (d6-DMSO) 6: 
2.25 (2H, m, 3-H, 5-H), 2.53 (2H, m, 3-H, 5-H), 
3.5 (2H, m, 2-H, 6-H), 3.58 (2H, s, 7-CH2), 3.65 
(2H, m, 2-H, 6-H), 7.42 (1H, s, 4-H), 8.35 (1H, 
s, 5'-H). 

65 
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EXAMPLE 19 

4-(4-Methyl-1,3-oxazol-2-yl)-1-azabicyclo2.2.1]heptane 
oxalate salt (E19) 

(E19) 

COOH 

COOH N1 

-S- O 

To l-azabicyclo[2.2.1]hept-4-yl carboxamide (D22, 
1.33 g, 0.0094 mole) was added polyphosphoric acid (15 
g), propargyl alcohol (0.64 ml) and mercuric sulphate 
(200mg) and the stirred mixture heated to 130° C. for 2 
h. The reaction mixture was then poured into saturated 
aqueous potassium carbonate solution and the solution 
extracted exhaustively with ether to afford a yellow 
gum (450mg). To a solution of this gum in ether (20 ml) 
was added oxalic acid (250mg) in methanol (1 ml) and 
the resulting precipitate recrystallised from ether meth 
anol to afford the title compound (E19, 490mg, 29%), 
m.p. 164-166 C. 
Oxalate:-1H Nimr (d6-DMSO) 8: 
2.25 (2H, m, 3-H, 5-H), 2.29 (3H, s, 4'-CH3), 
2.50 (2H, m, 3-H, 5-H), 3.50 (2H, m, 2-H, 6-H), 
3.57 (2H, m, 7-CH2), 3.70 (2H, m, 2-H, 6-H), 
8.05 (1H, s, 5'-H). 
Analysis:- C10H14N2O.C2H2O4 requires C: 53.73, H: 

6.10, 
N: 10.40; found C: 53.80, H: 6.30, N: 10 70%. 

EXAMPLE 20 

4-(5-Methyl-1,3-oxazol-2-yl)-1-azabicyclo[2.2.1]heptane 
oxalate salt (E20) 

(E20) 

COOH 

COOH N-1 

N 
Me 

Ethyl l-azabicyclo2.2.1]hept-4-ylcarboxylate (E8, 1 
g, 0.006 mole) was dissolved in 5N hydrochloric acid 
(30 ml) and heated under reflux overnight. The reaction 
mixture was then concentrated in vacuo to a gun which 
was dissolved in thionyl chloride (20 ml) and heated 
under reflux for 2 h. The thionyl chloride was then 
removed in vacuo to give the acid chloride as a crystal 
line solid. A solution of this in dry dichloromethane (15 
ml) was treated with 1-aminopropan-2-one ethylene 
glycol ketall (0.65 g) and dry pyridine (0.7 g) in dichlo 
romethane (10 ml) and the reaction was stirred at room 
temperature for 9 h. The solution was then concen 
trated in vacuo to a gum which was dissolved in poly 
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phosphoric acid (25 g) and warmed from 120' to 160° C. 
over 30 mins and kept at this temperature for 1 h. The 
reaction was then cooled and poured into saturated 
aqueous potassium carbonate solution and the product 
recovered by extraction into ether. The organic extract 
was chromatographed on alumina in a gradient of 
5-15% methanol in ethyl acetate to afford as the main 
fraction eluting in 10% methanol in ethyl acetate the 
required oxazole (250mg). A solution in ether (10 ml) 
was treated with oxalic acid (140mg) in methanol (0.5 
ml) and the precipitate recrystallised from ether/me 
thanol to afford the title compound (E20, 270mg), m.p. 
144-146 C. 
Oxalate: 1H Nimr (d6-DMSO) 8: 
2.04 (2H, m, 3-H, 5-H), 2.30 (2H, m, 3-H, 5-H), 
2.32 (3H, s, 5'-CH3), 3.26 (2H, m, 2-H, 6-H), 
3.36 (2H, s, 7-CH2), 3.50 (2H, m, 2-H, 6-H), 
6.85 (1H, s, 4-H) 
Analysis: C10H14N2O.C2H2O4 requires C: 53.70, H: 

6.10, 
N: 10.40; found C: 53.20, H: 6.00, N: 10.20. 
1. Jiro Adachi and Nobuhiro Sato, J. Org. Chem. 

1972, 37 221. 
EXAMPLE 21 

5-(Fur-2-yl)-1-azabicyclo3.2.1]octane hydrochloride 
salt (E21) 

(E21) 

(t) 

A solution of 3-(4-toluenesulphonyl)propanal ethyl 
ene acetal (D24, 4.lg, 0.016 mole) in dry THF (120 ml) 
at 0-65 C. under nitrogen was treated with 1.6M n 
butyllithium in hexane (10 ml, 0.016 mole) and stirred 
for 10 minutes. This solution was treated with a solution 
of crude 1-azabicyclo[3.2.1]oct-5-ylcarboxaldehyde 
(D23, 2.5 g, assumed 0.016 mole) in dry THF (40 ml) 
and the reaction mixture allowed to warm up to room 
temperature over 1.5 h. The solution was treated with 
conc. potassium carbonate solution (150 ml) and then 
concentrated in vacuo to about half the volume, before 
extracting with chloroform (3x 100 ml). The combined 
extracts were dried (Na2SO4) and concentrated in 
vacuo to leave an orange oil (8.1 g), which was dis 
solved in glacial acetic acid (250 ml) and heated under 
reflux for 48 h. The solution was concentrated in vacuo. 
the residue basified with saturated potassium carbonate 
solution and extracted with chloroform (2X 100 ml). 
The combined extracts were dried (Na2SO4) and con 
centrated in vacuo to give a dark brown oil, which was 
chromatographed initially on basic alumina eluting with 
ether and then on silica gel eluting with 0 to 25% me 
thanol/chloroform. The yellow oil was distilled using a 
Kugelrohr apparatus (b.p. 160 C. at 0.2mm) to give a 
colourless oil, which was converted to its hydrochlo 
ride salt and recrystallised from methanol/ether to give 
the title compound (E21) as a white solid (350g, 10%) 
m.p. 176°-178° C. 
Hydrochloride:-1H-NMR (d6-DMSO) 8: 
2 1.80-2.35 (6H, m), 3.15-3.65 (6H, m), 6.30 (1H, 
m), 6.43 (1H, m), 7.63 (1H, m). 

5 

10 

5 

20 

25 

30 

35 

45 

50 

55 

60 

65 

38 
Analysis:- C11H15NO.HCl requires C: 61.80, H: 7.55, 

N: 

6.55; found C: 61.85, H: 7.40, N: 6.45. 

EXAMPLE 22 

5-(5-Methylfur-2-yl)-1-azabicyclo3.2.octane hydro 
chloride salt (E22) 

(E22) 

N- N HC 

(--) 

O 

Me 

A stirred suspension of 4-(4-toluenesulphonyl)- 
butan2-one ethylene ketal (D25, 4.32 g, 0.016 mole) in 
dry THF (150 ml) at -65 C. under nitrogen was 
treated with 1.6M n-butyllithium in hexane (10 ml, 0.016 
mole) and the mixture allowed to warm up gradually 
until a homogenous solution was obtained (about - 10 
C.). The solution was cooled back to -65 C. and 
treated with a solution of crude 1-azabicyclo[3.2.1]oct 
5-ylcarboxaldehyde (D23, 2.5g, assumed 0.016 mole) in 
dry THF (40 ml). The reaction mixture was allowed to 
warm to room temperature over 1.5h, then treated with 
potassium carbonate solution (100 ml); concentrated in 
vacuo to about a third of its volume and extracted with 

chloroform (3x 100 ml). The combined extracts were 
dried (Na2SO4) and concentrated in vacuo to leave a 
yellow solid (8.9 g), which was dissolved in glacial 
acetic acid (250 ml) and heated under reflux for 16 h. 
The solution was concentrated in vacuo, the residue 
basified with saturated potassium carbonate solution 
and extracted with chloroform (2X 100 ml). The com 
bined extracts were dried (Na2SO4) and concentrated in 
vacuo to leave a brown oil, which was chromato 
graphed initially on basic alumina eluting with ethyl 
acetate and then on silica gel eluting with 0 to 20% 
methanol/chloroform. The yellow oil was distilled in a 
Kugelrahr apparatus (b.p. 160-170° C. at 0.15 mm) to 
give a colourless oil, which was converted to its hydro 
chloride salt and recrystallised from methanol/ether to 
give the title compound (E22) as a white solid (330mg, 
9%) m.p. 182-184° C. 
Hydrochloride:-1H-NMR (d6-DMSO) 6: 
1.75–2.30 (6H, m), 2.23 (3H, s), 3.15-3.60 (6H, 
m), 6.02 (1H, m), 6.15 (1H, s). 
Analysis:-C12H17NO.HCl requires C: 63.30, H: 7.95, 

N: 

6.15; found C: 63.05, H: 7.85, N: 5.90. 
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EXAMPLE 23 
5-(5-Methyl-1,2-oxazol-3-yl)-1-azabicyclo[3.2.1]octane 

hydrochloride salt (E23) 

(E23) 

N-N HC 
(+) 

N 

b / 
Me 

N-Bromosuccinimide (1.01 g, 0.0057 mole) was 
added portionwise over 30 min to a solution of 1 
azabicyclo3.2.1]oct-5-ylcarboxaldehyde oxime hydro 
chloride salt (D26, 0.982 g, 0.0052 mole) in DMF (50 
ml) at room temperature. After complete addition the 
mixture was stirred at room temperature for 1.5 h be 
fore cooling to -15° C. 2-Chloropropene (5.6 ml, 0.065 
mole) was added in a single portion followed by drop 
wise addition of triethylamine (2.15 ml, 0.0155 mole) in 
DMF (15 ml) over 4 h, maintaining the temperature 
below -10 C. throughout. The reaction mixture was 
stirred for 1 h at 0° C., warmed to room temperature 
and evaporated in vacuo. The residue was diluted with 
water (30 ml), saturated with potassium carbonate and 
extracted with chloroform (4x50 ml). The combined 
extracts were dried (Na2SO4) and concentrated in 
vacuo to give a brown oil which was chromatographed 
on silica using 12% methanol/chloroform as eluant to 
give a white crystalline solid (0.178 g) m.p. 68-69" C. 
This was converted to its hydrochloride salt and recrys 
tallised from methanol/acetone to yield the title com 
pound (E23) as a white solid (0.198 g, 17%) m.p. 
223-225 C. (dec). 
Hydrochloride:-1H-NMR (d6-DMSO) 6: 
1.85-2.35 (6H, m), 2.46 (3H, s), 3.25-3.70 (6H, 
m), 6.41 (1H, s). 
3C NMR (d6 DMSO) 8: 
11.81, 16.71, 31.91, 33.04, 41.93, 49.74, 51.31, 
59.14, 100. 13, 165.41, 169.88. 
Free base:-Ir (film) 1740, 1600cm-1. 

EXAMPLE 24 

5-(1,3,4-Thiadiazol-2-yl)-1-azabicyclo[3.2.1]octane 
oxalate salt (E24) 

(E24) 

N-N (COOH)2 
(-) 

N 
S 

N N/ 

Ethyl-1-azabicyclo[3.2.1]oct-5-ylcarboxylate (E7, 2.0 
g, 0.011 mole) was treated with hydrazine hydrate (2.7 
ml, 0.055 mole) as in the method of Example 13 to give 
the crude hydrazide (2.2 g) as an oil. This product was 
refluxed in a mixture of methyl formate (15 ml) and 
methanol (5 ml) for 16 h. The cooled reaction mixture 
was evaporated in vacuo to give the crude diacylhydra 
zide which was converted to the hydrochloride salt 
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(2.95 g). An intimate mixture of this salt and phosphorus 
pentasulphide (12 g, 0.027 mole) was heated to 200 C. 
over 0.75 h and then maintained at this temperature for 
a further 0.75 h. The reaction mixture was cooled and 
diluted with water (75 ml), rendered basic with potas 
sium carbonate and stirred for 1 h. The solution was 
then saturated with potassium carbonate and extracted 
with chloroform (4x 100 ml). The combined organic 
extracts were dried (Na2SO4) and evaporated in vacuo. 
The residual oil was chromatographed on silica gel 
eluting with 10% methanol/chloroform to give the 
thiadiazole as a crystallising oil (0.644 g). This was 
converted to its oxalate salt and recrystallised from 
methanol/acetone to yield the title compound (E24) as 
a white solid (0.644 g, 21%) m.p. 177-179 C. 
Oxalate:-1H-NMR (d6-DMSO) 8: 
2 1.80-2.00 (1H, m), 2.00-2.20 (3H, m), 2.30-2.45 
(2H, m), 3.15-3.30 (2H, m), 3.35-3.65 (4H, m), 
9.62 (1H, s). 
13C NMR (d6-DMSO) 8: 
1739, 34.33, 35.65, 45.26, 49.99, 51.61, 61.01, 
154.17. 16481. 72.35. 
Free base:-Ir (film) 1450, 1400cm-1. 
M.S.: Calculated mass for C9H13NS= 195.08301 
Observed mass = 195,0828. 

EXAMPLE 25 

(E25) 

N- N 
(-) 

A mixture of 5-(a-bromoacetyl)-1-azabicyclo3.2.- 
1octane hydrobromide (D27) (0.31 g; 1.0 mmole) and 
acetamide (0.12 g; 2.0 mmole) was heated under nitro 
gen to 160 C. over a period of 30 min and then main 
tained at this temperature for 30 min. The reaction was 
treated with water (10 ml), saturated with potassium 
carbonate and extracted into chloroform (4x 15 ml). 
The dried (sodium sulphate) organic layers were con 
centrated in vacuo. Purification on neutral alumina 
using chloroform as eluant afforded the title compound 
(E25) as a colourless oil (0.12 g; 63%). 

1H Nimr (CDCl3) 8: 
1 1.30-2.20 (6H, m), 2.40 (3H, s), 2.50-3.20 (6H, 
m), 7.14 (1H, s). 
Ir (film) uC=N 1580cm-l. 

EXAMPLE 26 

5-(2-Methyl-1,3-oxazol-5-yl)-1-azabicyclo[3.2.1]octane 
(E26) 

(E26) 

N- N 
(t) 

N Y O 
Me 
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A mixture of 5-a-(acetylamino)acetyl-l-azabicy 
clo[3.2.1]octane (D29) (0.12 g, 0.57 mmole) and poly 
phosphoric acid (6.0 g) under nitrogen was placed in an 
oil bath at 110° C. and heated to 160° C. over a period 
of 15 min. The temperature was maintained at this level 5 
for a further 15 min and the reaction was then poured 
onto ice. After basifying with 40% sodium hydroxide 
the solution was saturated with potassium 5 carbonate 
and extracted into chloroform (4x20 ml). Concentra 
tion of the dried (sodium sulphate) organic layers foll 
lowed by purification on neutral alumina using a graded 
eluant of 5-10% methanol in ethyl acetate afforded the 
title compound (E26) as a colourless oil (40mg; 3.6%). 

1H Nimr (CDCl3) 6: 
1.45-2.20 (6H, m), 2.40 (3H, s), 2.63-3.25 (6H, 
m), 6.52 (1H, s). 
Ir (film) uC=N 1575cm-1. 

BIOLOGICAL ACTIVETY 

Radio ligand Binding 
Cerebral cortex from Hooded Lister rats (Olac, UK) 

is homogenised in 2.5 vols ice-cold 50 mM tris buffer 
pH 7.7 (at 25 C.). After centrifugation at 25,000Xg 

at 4 C. for 15 min the pellet is resuspended in 2.5 vols 
buffer and the wash repeated 3 times more. The final 
resuspension is in 2.5 volumes and the homogenates are 
stored in lml aliquots at -20 C. 

Incubations (total volume 2 ml) are prepared using 
the above buffer with the addition of 2 mM magnesium 
chloride in the 3H-Oxotremorine-M (3H-OX 
O-M) experiments. For 3H-Quinuclidinyl Benzilate 
(3H-QNB), i ml of stored membranes is diluted to 30 
ml and 0.lml mixed with test compound and 0.27nM (c. 
25,000 cpm) 3H-QNB (Amersham International). For 
3H-OXO-M, lml of membranes is diluted to 6 ml and 
0.1 ml mixed with test compound and 2 nM (c. 250,000 
cpm) 3H-OXO-a-M (New England Nuclear). 

Non-specific binding of 3H-QNB is defined using 1 
uM Atropine sulphate (2 uM Atropine) and of 40 
3H-OXO-M using 10LM Oxotremorine. Non 
specific binding values typically are 5% and 25% of 
total binding, respectively. Incubations are carried out 
at 37 C. for 30 min and the samples filtered using What 
man GF/B filters. (In the 3H-OXO-M experiments 
the filters are presoaked for 30 min in 0.05% polyethyl 
eminine in water). Filters are washed with 3X4 ml 
ice-cold buffer. Radioactivity is assessed using a Pack 
ard BPLD scintillation counter, 3 ml Pico-Fluor 30 
(Packard) as scintillant. 
This test provides an indication of the muscarinic 

binding activity of the test compound. The results are 
obtained as IC50 values (i.e. the concentration which 
inhibits binding of the ligand by 50%) for the displace 
ment of the muscarinic agonist 3H-OXO-M and the 
muscarinic antagonist. 3H-QNB. The ratio IC500 
3H-QNB)/IC50(3H-OXO-M) gives an indication of 
the agonist character of the compound. Agonists typi 
cally exhibit a large ratio; antagonists typically exhibit a 
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ratio near to unity. 60 
The results are shown in Table 1. 

TABLE 1 
(3H-OXO-M 3H-QNB 

Compound IC50nM) IC50 (nM) 65 
E3 14 6700 
E6 42 29000 
E10 17 4000 
E. 93 4000 

42 
TABLE 1-continued 

Compound IC50(nM) IC50 (nM) 

E2 145 5000 
E3 39 94.00 
E4 60 9000 
E15 30 7800 
E17 230 48000 
E2. 34 3800 

We claim: 
1. A compound of formula (I) or a pharmaceutically 

acceptable salt thereof: 

...) X N 

(CH2) 

(I) 

in which X represents R1OOC- in which R1 is C1-4 
alkyl, C2-4 alkenyl or C2-4 alkynyl; R2O- in which R2 
is C1-2 alkyl, C1-2 alkylcarbonyl or aminocarbonyl op 
tionally substituted by one or two methyl groups; 

a group 

2 
K-12 

in which Y represents a 3-membered divalent residue 
completing a 5-membered aromatic ring and com 
prises one or two heteroatoms selected from oxy 
gen, nitrogen and sulphur, any amino nitrogen 
optionally substituted by a C-2 alkyl group, Y 
being optionally C-substituted by a methyl group; 
or a group 

C 

N-A, ---1 

in which A1 is oxygen or sulphur, one of A2 and A3 is 
CR3 and the other is nitrogen or CR4 where R3 and 
R4 are independently selected from hydrogen and 
methyl; and each of p=2 and q=3. 

2. A compound according to claim 1, in which X 
represents a group : 

N C 
7) NSA; y or y s a 

Yea A1-A2 

in which the variables are as defined in claim 1. 
3. A compound according to claim 2 of formula (IA): 
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Y1 (IA) 
/ n 

Z 
V 
N 

CH2) 

wherein one of Y and Z represents CR5, where Rs is 
hydrogen or methyl, or nitrogen, and the other repre 
sents CR6 where R6 is hydrogen or a methyl group, and 
the remaining variables are as defined in claim 2. 

4. A compound according to claim 3 in which X is 
selected from 3-methyl-1,2,4-oxadiazol-5-yl, 5-(H or 
methyl)-1,3,4-oxadiazol-2-yl and 4-(H or methyl)-5-(H 
or methyl)-1,3-oxazol-2-yl. 

5. A compound according to claim 2 of formula (IB): 

(IB) 

(CH2) 

wherein Y2 is nitrogen or CH, Z2 is oxygen or NR7 
where R7 is hydrogen or C-2, and R6 is hydrogen 
or methyl, and the remaining variables are as de 
fined in claim 2. 

6. A compound according to claim 5 in which X is 
selected from 5-methyl-1,2,4-oxadiazol-3-yl and 5-(H or 
methyl)-1,2-oxazol-3-yl. 

7. A compound according to claim 2 of formula (IC): 

O 
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(CH2) (IC) 

A C-) 
(...) 

wherein one of Y3 and Z3 is CR3 and the other is 
CR4, and R3, R4, p and q are as defined in claim 2. 

8. A compound according to claim 7 in which X is 
selected from 2-furyl and 5-methylfur-2-yl. 

9. A compound according to claim 1 other than 
methyl 1-azabicyclo[3.2.1]oct-5-ylcarboxylate. 

10. A compound selected from the following 
5-ethoxy-1-azabicyclo[3.2.1]octane, 
1-azabicyclo3.2.1]oct-5yl acetate, 
ethyl 1-azabicyclo[3.2.1]oct-5-ylcarboxylate, 
5-(3-methyl-1,2,4-oxadiazol-5yl)-1-azabicyclo 
5-(1,3-oxazol-2-yl)-1-azabicyclo3.2.1]octane, 

methyl-1,3,4-oxadiazol-5-yl)-1-azabicyclo 
tane, 

5-(1,3,4-oxadiazol-2yl)-1-azabicyclo3.2.1]octane, 
5-(1,2-oxazol-5yl)-1-azabicyclo[3.2.1]octane, 5-(5-meth 

yl-1,2,4-oxadiazol-3-yl)-1-azabicyclo 3.2.1]octane, 
5-(fur-2-yl)-1-azabicyclo3.2.1]octane, 
5-(5-methylfur-2-yl)-1-azabicyclo3.2.1]octane, 
5-(5-methyl-1,2-oxazol-3-yl)-1-azabicyclo 3.2.1]octane, 
5-(1,3,4-thiadiazol-2-yl)-1-azabicyclo3.2.1]octane, 
5-(2-methyl-1,3-oxazol-4-yl)-1-azabicyclo 3.2.1]octane 
O 

5-(2-methyl-1,3-oxazol-5-yl)-1-azabicyclo 3.2.1]octane, 
or a pharmaceutically acceptable salt thereof. 
11. A pharmaceutical composition for the treatment 

or prophylaxis of dementia which comprises a therapeu 
tically effective amount of the compound according to 
claim 1 and a pharmaceutically acceptable carrier. 

12. A method of treatment and/or prophylaxis of 
dementia in mammals including humans, which com 
prises administering to the sufferer an effective amount 
of a compound according to claim 1. 

x x 

5-(2- 
3.2.1]oc 

  



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 
PATENT NO. : 4,971,975 
DATED : November 20, 1990 
INVENTOR (S) : Michael S. Hadley; Paul A. Wyman; Barry S. Orlek 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

column 42 line 56, delete "each of". 

Column 43 line 35, after "C12" add --alkyl--. 
Column 44 line 19, change "1-azabicyclo[3.2.1]oct-5yl" to 
--1-azabicyclo[3.2.1]oct-5-yl -- ; 

line 21, change "5-(3-methyl-1,2,4-oxadiazol 
5yl)-1-azabicyclo" to --5-(3-methyl-1,2,4-oxadiazol-5-yl)-1- 
azabicyclo[3.2.1 loctane, -- lines 23-24, change "methyl-1,3,4-oxadiazol 
5yl)-1-azabicyclo 3.2.1 loc-tane" to --methyl-1,3,4- 
oxadiazol-5-yl)-1-azabicyclo[3.2.1 loctane - 7 

line 25, change "5-(1,3,4-oxadiazol-2yl)-1- 
azabicyclo[3.2.1]octane," to --5-(1,3,4-oxadiazol-2-yl)-1- 
azabicyclo[3.2.1]octane, -- 

line 26, change "5-(1,2-oxazol-5-yl)-1- 
azabicyclo[3.2.1 loctane," to --5-(1,2-oxazol-5-yl)-1- 
azabicyclo[3.2.1]octane, ; and 

line 32, change "5-(2-methyl-1,3-oxazol-4-yl)-1- 
azabicyclo 3.2.1]octane" to --5-(2-methyl-1,3-oxazol-4-yl)- 
1-aza)icyclo[3.2.1]octane -- . 
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